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The Chicago THE general impression among the 

Convention. members in attendance at the Chicago 
Convention of the American Institute was. that the pro- 
gramme arranged was a very interesting one, and that a 
careful study of the papers could not fail to be of great 
benefit to all the members of the Institute. It was re- 
gretted, however, that the rather crowded programme had 
not been handled in such a way as to permit of more dis- 
cussion. It would seem to be much better in cases where 
papers are printed in advance, and can be read by those 
who take an interest in them, to have them presented by 
abstract, and the time that would otherwise be taken up 
in reading them in full could thus be given to their discus- 
sion by those whose investigations have led them along 
similar lines of study and research. The valuable discus- 
sions brought out by many of the Institute papers is rightly 
regarded as one of the most characteristic and _praise- 
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worthy features, and every possible encouragement should 
be given to members who desire to contribute to the work 
of the Institute in this way. 





Traction THOSE who have followed the pub- 

Motors. lished literature on the subject of mo- 
tors for electric railways will have noticed the great diver- 
sity of opinion regarding the preference of gearless, single 
or double reduction motors, commutated fields, etc., all of 
which tends to show that none of these methods are quite 
satisfactory. As is well known, one of thechief difficulties 
in all motors run on multiple arc circuits and started load- 
ed is that owing to the low counter E. M. F. at the starting 
the rush of one current is very great; besides being difficult 
to take care of such currents, the efficiency must necessarily 
be low at starting. Mr. Leonard, in his Institute paper, 
published in another column, has attacked the problem in 
a novel and entirely different and apparently much more 
rational manner. His fundamental principle, already ex- 
plained in our columns in connection with stationary mo- 
tors, is simply to transform the 500-volt current on the car 
into one of any desired voltage capable of regulation ; this 
latter current is then used to drive the motor, and as such 
a current can be given any voltage it can be adapted to any 
desired speed of motor without having to be cut down by 
a wasteful and expensive resistance ; the efficiency there- 
fore remains nearly constant. Theoretically this idea of 
transforming volts into ampéres, so to speak, instead of 
cutting them down by resistance, appears to be a very ra- 
tional one; it is only a question of whether it can be made 
practically on account,-chiefly, of the triple motor which is 
required. 


The Faure Patent . WHILE in this country the litigation 
in Germany. concerning the Faure patent has re- 
sulted in tying up both companies, the Germans, like 
the French, have acknowledged the rights of Faure. The 
Supreme Court of Appeals of Leipzig has just delivered a 
judgment confirming the decision of the German Patent 
Office concerning Faure’s patent, and thereby establishes 
its validity. It will be rememembered that a year or more 
ago a simjlar decision was reached in France. As we have 
so few accumulators here, the litigation in this country is 
of comparatively little interest, except in so far as it delays 
the development of the accumulator. It is a matter of no 
great concern, therefore, who is the winner here, if winner 
he may be called at all, but both in Germany and France 
the accumulator business is very large and prosperous, in- 
creasing continually. The accumulator there is a staple, 
reliable article of manufacture, here it is considered, like 
the electrical goods of the quack doctor, fit only for the ig- 
norant and unsuspicious. But the accumulator when sub- 
stantially made is a very convenient and useful accessory 
to an electric plant, even though many Americans think 
otherwise, and it is to be regretted very much that it has 
such a bad reputation here. As much of this is doubtless 
due to the lack of healthycompetition, owing to the fear of 
a possible fundamental patent, it is to be hoped that a definite 
decision will soon be reached in this country too, in order 
that we may begin to make up for valuable time and repu- 
tation lost in this almost endless litigation. 
Strength of Acid in Seo- LN a recent paper before the Institu- 
ondary Batteries. tion of Electrical Engineers, Dr. 
Gladstone, whose work in storage batteries has become so 
well known, shows how very much the E. M. F. is de- 
pendent on the degree of concentration of the sulphuric 
acid, and the important part which a variation in this con- 
centration plays in the varying E. M. Fs. of charge and 
discharge. Some fully formed and carefully washed plates 
were placed in solutions of gradually increasing strength 
of acid and left there for 15 minutes with the following 
percentages of acid: 6.5, 21.7 and 43.0; the E. M. Fs. were 
respectively 1.887, 1.978, 2.170. He also showed that the 
E. M. F. depends furthermore on the strength of the acid 
at the negative as well as at the positive plates. From cal- 
culation, according to Lord Kelvin’s law regarding the rela- 
tion between the E. M. F. of the cell and the thermal value 
of the chemical actions contributing to it, he finds that the 
energy of PbO, and Pb, with pure sulphuric acid only, 
would be 2.627 ; by experiments it was found to be 2.607 ; 
with pure water the result is by calculation 1.35 and by 
experiment 1.36 volts ; this leaves a very wide range of volt- 
age between these two values. In charging, the current 
gas has to do extra work in concentrating sulphuric acid at 
the peroxide plate, and the energy equivalent to that work 
must be obtained from an increased potential difference. 
This explains why it is that the potential difference is so 
much greater during charge than during discharge. For a 
dyad gramme equivalent of sulphuric acid, concentrated 
from a 10 per cent. solution to one of 100 per cent. , about 17,- 
000 calories will be required, which is equal to .37 volt. The 
lesson to be learned from this is the desirability of promot- 
ing diffusion in the liquid of the cell so as to keep the acid 
as uniform as possible. In the usual forms the heavy acid 
flows down and accumulates at the bottom, which leads to 
differences of current density in different parts of the 
plates, gives rise to local action, and causes other troubles, 





Long Distance ALTHOUGH Europeans are apparently 
Transmission. ahead of us in long distance transmis- 
sion installations, yet there are some very interesting plants 
in operation in this country which many do not know 
about, probably because detailed descriptions have never 
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been published. Two of these, one for light and one for 
power, are described in the paper of Mr. Scott, published 
in another column. The latter is of special interest be- 
cause it is one in which a comparatively large synchronous 
alternating current motor is used, and besides this, it is not 
only the pioneer, but also the largest power transmission 
plant of its kind in this country. One hundred horse 
power are transmitted to « distance of nearly three miles 
over bare wires, at 3,000 volts and 167 alternations per sec- 
ond, the motor and generator being almost identical ma- 
chines. The difficulty in such plants lies, of course, in the 
starting of the motor, but this appears to have been over- 
come very satisfactorily in this case, in which it is accom- 
plished by means of a small Tesla motor and is stated to be 
a very simple matter. It requires but one man to do 
it and takes only two minutes. The description of the 
method of starting as also that of the details of the ma- 
chines and their behavior when running, is well worth the 
attention of those interested in such transmission. A 
method said to be used largely in Europe for starting syn- 
chronous motors is to connect the motor and generator 
electrically, while the latter is at rest, then start the gen- 
erator slowly, short circuited, as it were, by the motor, 
when the latter will start synchronously with the genera- 
tor. This does not seem to have been tried in this plant 
and it is probably not as simple as it appears. A feature 
which reflects with great credit on the installers of this 
plant, and also speaks well for the system, is that, although 

running night and day, it has given no trouble. This is all 

the more creditable because it is the first one of its 
kind ever installed. It has been running just a year and 
appears to be a complete success. Some of the features of 
the long distance lighting plant described are also of inter- 

est, especially the subdivision of the transformers into a 
series group and the regulation for the loss of potential in 

the line and transformers, which latter is a very important 
feature in a long distance lighting plant, in which the loss 

in the lines cannot be neglected. 





Electrical . QNEof the subjects which was appar- 

Education. ently of. special interest at the general 
meeting of the American Institute of Electrical Engineers 
was that of the education of electrical engineers and electri- 
cians. Among those attending the meeting were nine profes- 
sors, who represented the courses of electrical engineering 
and physics of almost as many colleges ; besides there were 
many who had very decided views regarding the prepara- 
tion of the coming electricians at the colleges. A whole 
evening session was devoted to this subject, the papers 
being : One by Prof. R. B. Owens, of the University of Ne- 
braska, and one by Prof. )). C. Jackson, of the University 
of Wisconsin. Both of these papers are well worth the at- 
tention of those interested in this subject. Prof. Owens 
dwelt particularly on the value of technical training as 
distinguished from the studies of pure science, with- 
out, however, giving the latter an inferior place. 
He places the engineer between’ the scientist 
and the skilled mechanic’ or handicraftsman, 
that is, ‘‘the man who, familiar with the results of 
scientific investigation and methods, uses both, by the help 
of the mechanic’s skill, to minister the more effectively to 
the wants and will of an ever increasingly exacting public.” 
An engineer should possess a certain familiarity with tools 
and shop methods, but need not necessarily be as skilled in 
their use as the mechanic. He approves of teaching this 
manual element in proper schools, such as manual training 
schools, in which the students receive sufficient training for 
a general knowledge of the subject without losing too 
much time in becoming a skilled mechanic. He advocates 
such training schools as preparatory to technical schools, 
claiming, and with right, that the latter should be classed 
with those of law and medicine. It was not 
very many years ago that the scientific departments 
in our universities were regarded as very inferior 
in rank to the so-called arts departments, in which Greek, 
Latin, literature and history were the chief studies; but 
more recently the tables have turned most decidedly, the 
ornamental but useless studies of dead languages, dead 
men and dead countries, in the latter department, are 
rapidly being replaced by the more useful studies in the 
scientifi: and engineering departments. Prof. Owens 
calls attention to the fact that higher education can never 
be made to pay for itself and that colleges must therefore 
remain dependent upon state aid or private munificence. 
Prof. Jackson, in his paper, indorses, much that is con- 
tained in the other, and in _ addition . puts par- 
ticular stress on the acquirement of common 
sense knowledge and on _ teaching the student 
to think; this he claims, and we _ thoroughly 
agree with him, is of the greatest importance in making 
good engineers. Prof. Crocker, as well as others in their 
discussion, criticises very unfavorably the statement made 
some years ago by Sir William Thomson, that the electrical 
engineer should be nine-tenths mechanical and one-tenth 
electrical engineer; the prevailing opinion at the meeting 
appeared to be just the reverse of this opinion of Thomson’s. 
An attempt to be both a mechanical and an electrical en- 
gineer cannot but result in failure. The fields are too large 
for any man to attempt to master both. Among other 
suggestions regarding the studies which a student of elec- 
trical engineering should be required to choose, Mr. Sprague 
proposed entomology, in order that they may become pro- 
ficient in looking for *‘ bugs.” 
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The Chicago Meeting of the American Institute of 
Electrical Engineers. 





The first meeting of the American Institute of Electrical 
Engineers ever held in the West convened in Chicago on 
Monday morning of last week, with quite a large attend- 
ance of delegates from different parts of the country. A 
number had arrived by trains from the East on Sunday 
afternoon and Monday morniffg, in addition to those who 
had come in from Western towns. 

To any one acquainted with the delegates by far the most 
noticeable feature of the meeting was the very large rep- 
resentation of those who are engaged in the educational 
branch of electrical engineering. The programme arranged 
for the meeting included two papers on electro-technical 
education in addition to a discussion on the same subject 
by Professor Crocker, and this doubtless had considerable 
effect in bringing together so many of those who make a 
business of training electrical. engineers. Cornell was 
represented by Prof. E. L. Nichols; the Ohio State Uni- 
versity, by Prof. B. F. Thomas; Michigan University, by 
Prof. H. S. Carhart ; Wisconsin State University, by Prof. 
D. C. Jackson; Minnesota State University, by Prof. 
George D. Shepardson; Nebraska State University, by 
Prof. R. B. Owens ; the electrical department of Columbia 
College, by Prof, F. B. Crocker, and Prof. E. P. Roberts 
represented the ex-educators now engaged in the commer- 
cial development of applied electricity. This substantial 
backing of electrical educators gave unusual] interest to the 
meeting, and, indeed, the best parts of the various discus- 
sions, and quite a number of the papers read, were contrib- 
uted by these men. 

The sessions of the Institute were continued through 
Monday, Tuesday and Wednesday. Two sessions were 
held on Monday, three on Tuesday and one on Wednesday. 
The programme as announced in advance was carried out 
with but slight change. Nearly all the papers announced 
were either read or presented by abstract, and a number of 
interesting discussions were brought out. On Monday after- 
noon a trip was made in a special car to the City of Pull- 
man, where the extensive works of the Pullman Car Com- 
pany were inspected under the escort of Mr. A. H. Bauer, 
the electrician of the company. The evening session on 
Monday was held at the rooms of the Chicago Electric 
Club, and was given up almost exclusively to the inaugural 
address of the new president, Mr. Frank J. Sprague. After 
this address there was a short discussion, in which ex- 
Mayor Cregier, of Chicago, took part. This session was 
followed by a collation given by the club. Among those 
present were many electricians of Chicago and vicinity. 
The affair was very enjoyable, and was followed by a num- 
ber of speeches, 

At the Tuesday morning session a number of papers were 
presented. The one which excited the most interesting 
discussion was that onthe ‘ Life and Efficiency Tests of 
Incandescent Lamps,” by Prof. Thomas. In this discus- 
sion Mr. Howell, of the Edison Lamp Works, and Prof. E. 
P. Roberts, of the Swan Lamp Company. took a prominent 
part, and added much to the interest of the paper. The 
afternoon session of Tuesday was devoted chiefly to the 
discussion of electric mining machinery and long distance 
transmission of power. At the evening session on the same 
day, which was held at the rooms of the Chicago Electric 
Club owing to the political excitement at the hotel, the 
subject of the education of electrical engineers was 
thoroughly discussed. The two papers on the programme 
on this subject, one by Prof. Owens and the other by Prof. 
Jackson, were read. The discussion was opened by Prof. 
Crocker, who was followed by a number of those present. 

It is at this session that the committee appointed at the 
last meeting in New York to consider the question of 
changing the method of nomination and election of officers 
of the Institute made its report. The substance of this 
report was that the ballot should be a secret one by mail, so 
that allmembers might have au opportunity to vote instead 
of only those who were present at the annual meeting in 
New York. The method proposed was quite similar to 
that used by other large engineering societies. It was 
thought best to lay this matter over until the fall meeting 
before acting on it, but there is very little doubt that it 
will be adopted. An informal vote was taken, which 
showed that the members present were quite unanimously 
in favor of adopting the new method of election. This 
session was closed by a paper by Mr. Carpenter, accom- 
panied by illustrations of his heating and cooking apparatus 
in actual operation. 

The lust session was held on Wednesday morning, and 
was very largely taken up with the reading and discussion 
of railway papers, which were presented by Messrs. Perry, 
Leonard and Shepardson ; but owing to the engagement to 
visit the World’s Fair Grounds in the afternoon, the dis- 
cussion of these papers was unfortunately cut short by the 
motion to postpone further discussion until the next fall 
meeting of the Institute in New York City. 

The afternoon of Wednesday was given up to a very en- 
joyable trip in special cars provided by the Illinois Central 
Railroad Company to Jackson Park, the site of the new 
World's Fair Buildings. Prof. J. P. Barrett, chief of the 
electrical department of the World’s Fair, and Mr, J. Allen 
Hornsby accompanied the party to the grounds, Special 
observation cars were provided at that end of the line by 
Chief Burnham, of the Construction Department, and the 
party was taken over the material track about the entire 
grounds, stopping at various points to inspect particular 
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buildings in which electrical engineers were supposed to 
be interested, among them the Electricity and Transporta- 
tion buildings. Mr. J. G. Hartigan, superintendent of the 
northern lines of the Illinois Central Railroad, accompanied 
the party as the representative of his road. This closed the 
general meeting, and the delegates nearly all left the city 
Wednesday evening and Thursday morning. 

Among those who registered were the following : 

From New York City: J. B. Williams, T. F. Smith, Chas. D. 
Shain, H. Ward Leonard,8.S. Bogart, Herbert Laws Webb, T. C. 
Martin, G. M. Phelps, Carl Hering, Edward Caldwell. R. F. Out- 
cault, F. J. Sprague, Nelson W. Perry, R. W. Pope, F. B. Crocker, 
C, K. Emery and C, L. Cornell. 

From Chicago: R.I. Hitt, E. A. Sperry, M. J. Sullivan, E. F. 
Seixas, J. L. Barclay, C. F. Street, C. C. Haskins, J. B. Gregg, J. 
F. Connor, F. B. Badt, 8. D. Flood, W. F. Collins, C.K. MacFad- 
den, Geo. Cutter, L. L. Summers, Fred De Land, M. B. Spier, H. J. 
O’Connell, W. E. Cothren, E. M. Barton,C. A. Brown, M. J. Bulk- 
ley, T. D. Ray and W.N. Smith, 

From other cities: H.S. Carhart, Ann Arbor, Mich.; Capt. A. 
de Khotinsky, Boston; Chas. F. Scott, Pittsburgh; Frank C. Per- 
kins. Dunkirk, N. Y.; Harry N. Marvin, Schenectady, N. Y.; F. P, 
Mills, Ishpeming, Mich.; Edw. N. Nichols, Ithaca, N. Y.: E. P. 
Roberts, Cleveland; E.G. Willyoung, Philadelphia; E. A.. Merrill, 
Ithaca, N. Y.; C. H. Dunbarr, Pittsfield, Mass.; Edw. P. Burch, 
Minneapolis; H. 8S. Howard, Minneapolis; Percy Martin, Columbus, 
0.; W. R. Cleveland, Cleveland, O.; C. S. Bradly, Avon, N. Y.; C. 
D. Jackson, Madison, Wis.; Frank B. Rae, Detroit; R. B. Owens, 
Lincoln, Mass.; F. R. Upton, Orange, N. Y.! Thos. D. Lockwood, 
Boston; A. L. Hadley, Ft. Wayne; John W. Howell, Newark, N. J.; 
Leo Daft, Seattle, Wash.; B. F. Thomas, Columbus, O.; M. O’Dee, 
Notre Dame, Ind.; R. J. Miller, Clinton, la.; C. Wellman Park, 
Troy, N. Y ; Wm. M. Porter, Detroit; Chandler P. Gilman, Mil- 
waukee; C. H. Sames, Ro-skford, Ill.; A. H, Cowles, Cleveland, O.: 
B. H. Highlands, Clinton, Ia.; A. F. Opperman, Hornellsville, N. 
Y.; L. V. Lindon, Hornellsville, N. Y.; Geo. D. Shepardson, 
Minneapolis; Jno. R. H. Staley, Joliet, Ill.; P. P Beals, Buffalo, 
N. Y.; E. A. Carolan, Ithaca, N. Y. 
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The Efficiency of Steam Locomotives at High Speed. 








In THE ELECTRICAL WORLD of May 21, 1892, a preliminary 
statement was made concerning an efficiency test of high 
speed locomotives by Mr. Angus Sinclair, editor of Loco- 
motive Engineering. At that time no definite data could 
be obtained, but complete details are published under Mr. 
Sinclair’s name in the June number of his journal. These 
results are of considerable interest to electrical engineers, 
inasmuch as there is considerable discussion at the present 
time regarding the relative economies of electrical and 
steam methods of propulsion for transportation of heavy 
traftic over long distances. The results published modify quite 
materially any conclusions that might have been drawn 
from the first accounts of the test, since it appears that the 
coal consumption was 34 pounds per horse-power per hour 
instead of 24 pounds, as was claimed at first. It also ap- 
pears that this is an estimated result rather than one which 
was obtained by actual ineasurement. This was, of course, 
to be expected owing to the impossibility of ascertaining by 
indicator cards the exact amount of work done in drawing 
a train over the run of 143 miles from NewYork to Albany. 

As previously stated, the test was made on the Empire 
State Express, now making daily runs between New York 
and Buffalo at an average speed of 524 miles per hour. The 
engine cylinders are 19  X 24 inches, the driving wheels 78 
inches in diameter, the heating surface 1,8214 square feet, 
and the steam pressure 170 pounds. In Mr. Sinclair’s report 
it is stated that there is no peculiarity about the engine 
apart from an exceptionally large boiler and steam pas- 
sages sufficiently large to permit the steam to get in and out 
with little wire drawing. Indicator cards were taken with 
a Tabor indicator having a five-inch drum and a spring 
with a scale of 100 pounds to the inch, A Crosby revolu- 
tion counter was used to recerd the speed. 

The train consisted of four coaches weighing, with the 
estimated load, 340,000 pounds. The engine and tender in 
working order weigh 200,000 pounds, so that a total weight 
of 270 tons represented the load which the locomotive was 
compelled to draw. 

The first indicator card was taken when the engine was 
lifting the train into full speed and this showed a mean 
cylinder pressure of 59 pounds. According to this diagram 
the power exerted on the rails to move the train was 6,553 
pounds, or 24 pounds per ton. The speed was 37 miles an 
hour, which it was thought could be maintained by half 
this expenditure of power, the remainder of course being 
expended in accelerating the speed. When a speed of 
nearly 60 miles an hour was reached and the engine had 
settled down to steady running, neither accelerating its 
velocity or letting it decrease, a card was taken which rep- 
resents the work done in this way and measures the power 
required to keep the train running at a mile a minute. The 
average cylinder pressure under these conditions was 40.7 
pounds, representing a total traction force of 4,520 pounds 
without making deductions for friction. If 10 per cent. be 
allowed for friction it leaves 15 pounds per ton to keep the 
train going at the speed named. Although this is far be- 
low the figures given in engineering manuals, Mr. Sin- 
clair says that it is correct, since nearly 20 diagrams were 
taken when the train was running at this even speed, and 
the results given are a fair representation of the work done. 

Another diagram was taken when the engine was mak- 
ing 340 revolutions per minute, which is within a few feet of 
79 miles per hour. Mr. Sinclair obtained a phenomenally 
good diagram under these conditions, for the piston speed 
was no less than 1,360 feet per minute. 

Throughout the trip seven pounds of water were evapo- 
rated per pound of coal. As nearly as could be estimated 
the work of pulling the train from New York to Albany 
was done, as was stated above, on a coal consumption of 


Vou. XTX. No. 25. 


three and one-eighth pounds per horse power per hour. 
Concerning the. work of the engine at high speeds, it is 
stated that there was very little jar, and that it rode like a 
coach, passing the sharpest curves very smoothly. When 
running close to 80 miles an hour the machinery worked 
as smoothly as at the lower speeds and no trace was to be 
observed of hammer blow or other disturbance due to the 
heavy weight swinging round at a great velocity. 

Instead of reproducing the indicator cards we give here. 
with the particulars of the 12 diagrams which Mr. Sinclair 
has selected as typical of those taken during the two trial 
trips between New York and Albany. 

PARTICULARS OF INDICATOR DIAGRAM. 
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In this connection it will be of interest to note the un- 
usual record recently made in locomotive speeds. A com- 
pound engine running on the Central Railroad of New 
Jersey drawing a regular train on the Royal Blue line 
traveled over a single mile in 39} seconds; a very remarkable 
speed and probably the fastest time on record. If this 
speed could be maintained between New York and Wash- 
ington it would reduce the time, without stops, to 24 
hours, instead of five hours, which is now the fastest reg- 
ular time. In the same issue of Locomotive Engineering from 
which Mr. Sinclair’s results are taken Mr. Harris Tabor, in 
commenting on the performance of this engine on the 
Jersey Central Railroad, says: *‘If speed above 60 miles per 
hour is to be sought economically, larger wheels and cyl- 
inders will follow. The lesson of the cards published in- 
sists upon the piston speed being kept below 1,000 feet per 
minute, even when cylinders are compounded, if the best 
duty be expected from the motive power.” 

Mr. Tabor also says: ‘* Attempts at higher speeds will 
probably result in larger cylinders and drivers. The Penn- 
sylvania road is building a fast passenger compound with 
drivers 84 inches in diameter, and the New York Central 
has under way asimple engine with drivers the same size. 
If these engines have the boiler and cylinder capacity, they 
can easily add 10 per cent. to the speed of the wonderful 
Empire State express. We may look for fast riding when 
the compound, with 90 inch drivers, said to be under con- 
sideration by a prominent builder of locomotives, is on the 
rails. This locomotive may not inaugurate the 100-mile 
gait that so many seem to be looking for, but the chances are 
that she will demonstrate the fact that a limited train of 
three cars may be pulled at that speed over good roads, if 
enough people are willing to pay for the luxury of riding 
that fast, and are willing to take chances of the train being 
controlled by the system of brakes now in use.” 

—_—_~»~-+ > «+e 


Obituary. 


Mr. George F. Green, of Kalamazoo, Mich., died last 
week at his home in that city. Our readers wi ll remember 
that an electric railway patent was recently issued to Mr. 
Green which had been in the patent office for a number of 
years, and which showed that he was one of the earliest in- 
ventors in the electric railway field. His portrait and a 
fac-simile of one of his early drawings, together with the 
details of his patent, will be found in THE ELECTRICAL 
WoRLD of Jan. 9, 1892. Mr.Green, who was 60 years old 
at the time of his death, was also an inventor in other fields, 
and is said to Lave devised the first self-binding reaper and 
a pneumatic shutter for cameras. The press dispatches 
state that he was working on his electric railway schemes 
at the time of his death. 

ee 


Gas Engines for Dynamo Driving. 


The German Imperial Continental Gas Association, 
Dessau, after running dynamos by means of gas motors for 
five years, tabulates the advantages of the system as fol- 
lows, says the Gas World: 1. Small amount of space re- 
quired, 2, Small consumption of water; five to six gallons 
per horse or less. 3. No coal to carry; independent of rail- 
way station. 4. Nosmoke, 5. No explosions. 6. Cheaper 
than steam engines in respect of (1) ground required; (2) 
relative convenience of gas motors rather than steam en- 
gines in a town, whence greater choice of place within a 
town, and smaller distances to lay cables; (3) gas motors 
above 100 h. p. being cheaper than steam engines, boilers, 
chimneys, etc. 7. Less loss of electricity, because station 
more favorably situated. 8. Less attendance and wages. 
9. Exact control over fuel. 10. More regular working and 
greater security of power to meet unforeseen demands. 
11, Cost of fuel can be reckoned (the gas company running 
the electric station) at the full cost price of the gas supply. 
Gas motors of 120 h. p. now cost to put up about half what 
steam engines do; and in the future the price of still larger 
gas motors may be expected to fall, 
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Klectric Pipe Bending. 


O numerous are the applications of electric- 
ity to the useful arts at the present time 
that any new departure has ceased to 
excite surprise. That electrical ap- 
paratus has many advantages over 
other forms is now well known and its 
rapid introduction is evidence of its 
superiority. It is more compact, far 
more flexible, performs the work with 
greater, or at least the same economy, 
and with much greater certainty of 
uniform results. 

One of the most recent applications 
of electricity is to the heating and 
bending of pipes. This process has been attended with 
such success that it is probable that in the future the 
greater part of this class of work will be accomplished 
by electrical means. For nearly a year electricity bas 
been empioyed by the Electric Pipe Bending Company, 
and many advantages over the older and more cumber- 
some methods are claimed. The works of this company 
are at Harrison, N. J., just across the Pennsylvania Rail- 
road tracks from the Edison Lamp Works. The process is 
simple but very interesting, especially to one who has 
watched the development of electric welding. 

The power is furnished by a McIntosh & Seymour 125- 
h. p. engine, to which is belted a generator, an air com- 
pressor and line shaft. All these machines are arranged 
along the end of the building and occupy very little room. 
The generator is of the alternator type D60 EE of the 
Thomson Electric Welding Company’s make, designed es- 
pecially for this character of work. It is shown with its 
exciter in Fig. 5. All the circuits are controlled by a 
switchboard, which is placed on the wall near the dynamo. 

The general process of pipe bending is very well shown in 
Fig. 3. The pipe is firmly clamped in the jaws of the 
heater, which is the machine shown in the centre of the 
illustration, at the point where the bend is to be made. The 
current is then turned on by means of a cord or lever which 
controls a spring switch on the ceiling. 

When the pipe has been brought to the proper heat, 
which is determined by the trained eye of the workman, 
it is released from the clamps and moved forward until the 
heated portion passes between the rolls seen at the left 








in Fig. 3. The end of the pipe is secured to a carriage 
moving on a circular track and as this carriage is pushed 
around the pipe is bent as easily and prettily as if it were 
india-rubber. Where the pipe is in short pieces or a con- 
tinuous coil is made it becomes necessary to weld different 
sections together. This is accomplished by an ordinary 
welding machine, which is shown at the right of Fig. 3. 
After a weld is made the pipe is treated as one continuous 
piece and the process is repeated as above. 

The electric heater, which is shown more in 
detail in Fig. 1, is one of the most interesting 
pieces of apparatus used for this work. Its con- 
struction is very simple. It receives its cur- 
rent from the generator referred to above, 
the pressure in the primary being approxi- 
mately 300 volts. This is converted down to a 
pressure of from one to six volts, according to 
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FIG. 4.-PNEUMATIC HAMMER. 


the nature of the work. The secondary circuit consists 
of massive copper bars, the jaws of the heater bemg 
part of this circuit and the pipe when clamped between 
them completing the circuit. The cross-section of the cop- 
per in the secondary circuit is about 16 square inches. In 
order to prevent undue heating a water circulation 
is required, and this is supped through rubber tubes or 
pipes, which are seen in the illustrations. This machine, 
as well as all the others, is grounded to prevent any trouble 
in case of leaks, The current is controlled by a reactive coil 
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r ‘‘ kicker,” represented in Fig. 2, which is placed in the 
primary circuit close to the heater where it can be con- 
veniently reached. The electromotive force of the primary 
and therefore the current of the secondary is readily con- 
trolled by this reactive coil. The current which flows in 


the secondary of course varies with the nature of the work, 
but the ampéres at least reach up among the thousands, 
necessitating a very large amount of copper in the circuit. 

The action of this machine is very rapid and by proper 
forcing an ordinary section of iron pipe can be brought to 
a white heat in from 30 to 60 seconds, although a little 
It is thus seen 


more than this time is ordinarily allowed. 
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tube is attached directly to the end of one of the handles, 
thus making it somewhat more convenient. The hammer 
has only to be run around the weld several times, when its 
rapid blows on all sides bring down the weld to the re- 
quired size. The current is regulated by a reactive coil 
similar to the one used with the heater. 
The welding and heating apparatus are similar to those 
employed for a like kind of work elsewhere, but the bend- 
ing apparatus was designed at these works, and is found to 
be an improvement over the old form. Fig. 3 gives a 
very good representation of its main features, and ren- 
ders any further explanation unnecessary. The rolls are 
adapted in size to the different sizes 
of pipe, and these can be easily re- 
placed. It was formerly the custom 
to bend the pipe over a sharp point, 
but this resulted in destroying its 
cylindrical shape, and was not sat- 

-isfactory. The present apparatus 
pends the pipe very easily, and in- 
sures a fair and perfect bend. 
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FIC. 1.-ELECTRIC HEATER 


that the generator can be forced considerably beyond its 
normal capacity, as the time required is so very short that 
dangerous heating could hardly occur. 

But little energy is wasted for the heat is applied directly 
and only to the spot where it is needed. At the same in- 
stant, while the pipe between the jaws is at a white heat, 
at a distance of two or three inches outside of them the 
iron is scarcely warmed. This makes it possible to handle 
the work with perfect impunity. 

The welder, which is shown in detail in Fig. 6, is very 





FIG. 3.-GENERAL VIEW SHOWING THE PROCESS OF ELECTRIC 


similar in construction to the heater, except that the 
clamps or terminals are necessarily very much closer to- 
gether. In welding two pieces of pipe the end of one sec- 
tion is carefully faced, while the other is turned to a short 
bevel. The two ends are then put into the welder against 
one another and clamped and the current turned on. As 
they heat pressure is gradually applied, and in a few sec- 
onds or a minute the two pieces are firmly welded to- 


gether. They are then removed from the clamps and fin- 





GENERATOR. 


FIG. 5.— 


ished with a hammer, so as to bring the weld down to the 
uniform section of the pipe as nearly as possible. This is 
ccomplished by an ingenious pneumatic hammer, which 
does the work much more rapidly and much better than 
could be done by hand. This hammer is shown in Fig. 4 
Its energy is received through rubber tubes from a Clayton 
air compressor belted directly to the engine, as above de- 
scribed. The hammers in use in this factory differ from 
the one shown in the illustration only by having the com- 
pressed air supplied through the handle; that is, the rubber 
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FIG. 2.-REACTION COIL. 


The shop contains two sets of apparatus such as shown 
in Fig. 3, besides an extra heater, a furnace for heating 
pipe for coils, lathes for finishing the pipe, traveling cranes, 
etc. 

The whole eperation of welding and bending the pipe 
can be conducted with remarkable rapidity and the quality 
of the work is superior in many respects to that done by the 
old methods. The entire absence of dirt, or smoke, which 
the use of furnaces involves, is a point in favor of the elec- 
trical method. Considerable time is also saved. It is well 
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PIPE BENDINC. 


known that the welds are more uniform and better in many 
respects than those made by hand or mechanical processes. 
This is a very essential point in pipe bending, as a large por- 
tion of the pipes are used for refrigerators and similar work 
where it is quite necessary that the welds should be perfect 
and there should be no leaks. The pipes ure all tested, 
after being welded and bent, by hydraulic and air pressures. 

All classes of work can be done by this process and pipes 
are bent from sizes varying from one-half up to four inches, 
and there is no reason why larger pipes could 
not also be handled. 
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Utilization of Smoke. 





Experiments have been carried on in England 
by Mr. Mond, the object of which is to utilize 
he waste products in smoke. The smoke 





WELDER. 


FIC. 6.— 


is led from the chimneys into a waterspray condenser, 
where it is claimed that he obtains four tons of sulphate 
of ammonia for every 125 tons of coal burned. This waste 
product is said to be worth in the neighborhood of $60 
per ton. If the reports are correct, this would make the 
waste product worth about $2 for every ton of coal burned; 
this appears so great that it is very questionable whether 
the figures given are reliable. At all events the subject 
might be worth looking ‘into by electrical engineers in 
charge of large stations, 
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Electricity in the Belt Line Tunnel. ii 
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While the minor details of the Belt Line tunnel at Balti- 
more have not been decided upon, the essential features of 
the installation are now known. The 80-ton locomotives 
will be capable of developing 1,200 h. p. each. There will 
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be four driving axles, on each of which will be keyed the 
armature of a 300-h. p. motor. The series multiple system 
of control will be used. Two of the locomotives will be in 
constant use, the third being held for emergencies. In ad- 
dition to hauling trains through the tunnel, they will be 
employed, when necessary, to help push heavy freight 
trains up the 14 per cent. grade just outside the tunnel. It 
is expected that 400 trains will pass through the tunnel 
daily. 

The conductors will be either a third rail of iron or some 
sort of a large copper tube laid above the ties and thoroughly 
insulated. Feeders carried along the side of the tunnel will 
be tapped in at proper intervals. The current will be taken 
off by some form of sliding contact. The potential is to be 
that ordinarily used in street railway work, 500 volts. 

The power station will probably be located at Jones Falls 
and have a capacity of 3,000 h. p. There will be four com- 
pound Corliss engines of about 750 h. p. each belted to or 
directly coupled to the generators, no countershaft being 
employed. 

The tunnel will be lighted throughout by electricity and 
an arrangement will be made to turn on the electric lamps 
of the train as it enters the tunnel and extinguish them as 
it leaves it. 
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Proportional Parts of the Full Openi 


Although the Thomson-Houston locomotive at Whitins- 
ville has done good work, hauling trains of 200 to 300 tons 
at five miles per hour, this will be the first use of electric 
locomotives on any large scale at high speeds, and its effect 
on electric railroading will be very great. It is understood 
that Frank J. Sprague is building a 700 h. p. locomotive 
for Henry Villard for the Northern Pacific termiuals in 
Chicago and that the Thomson-Houston company will con- 
struct one of different design but of the same size for the 
same work. 
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Test of the Neversink Mountain Electric Road.—IV.* 





BY HERMANN 8S. HERING AND WILLIAM 8S. ALDRICH, 
OF JOHNS HOPKINS UNIVERSITY. 





VI.—THE TEST OF THE POWER PLANT. 

Outline of Test.—Observations were made to determine 
the distribution of power, the losses and efficiencies, from 
the hydraulic head of the water to the electrical output of 
the dynamos. Various readings were taken at the tur- 
bines with no external load, to get the several frictional 
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the surveyed difference of level between the head and tail 
waters; but the head acting on the wheel, or the effective 
head, varied, as usual, with the opening of the gate and the 
speed. At full gate opening it was 16 feet, while at closed 
gate it increased to nearly 18 feet. 

The theoretical performance at some standard and con- 
stant head is the one usually taken for comparing the effi- 
ciencies of turbines, but does not serve the present purpose 
in determining the actual performance, under the condi- 
tions of every day work of these turbines at the Neversink 
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FIC. 11.—CURVES SHOWING PERFORMANCE OF 45 INCH HERCULES TURBINE AT DIFFERENT 
GATE OPENINGS. 


losses, from the turbine shaft to the dynamos. Another 
series of readings were taken during a heavy excursion on 
the road, 

Through the kindness of the Holyoke Machine Co., the 
authors were furnished with a complete sheet of the actual 
performance of a 45-inch Hercules turbine of exactly simi- 
lar design to those here used. This test was made by the 
Holyoke Water Power Co., at their testing flume, to deter- 
mine the actual performance of the turbine at different 
proportional gate openings and speeds. The authors have 
carefully plotted the 
tabulated results of 
this test in the | 
curves shown in Fig. 
t1. From these they 
have derived the 









power house, the variations of effective head entering 
at the Holyuke testing flume, where the dynamometric 
horse power of the turbine was determined. As it is entirely 
outside the province of this article to enter into any com- 
parative elements of turbine performance, the observations 
were not thus reduced. 

The turbine borse power (T. H. P.) curves of Figs. 11 and 
12 show the actual dynamometric horse power de- 
veloped by the wheel, and not what would have been 
developed at an assumed constant head as a standard basis 
g SR=S 22 
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horse-power curves 

in Fig. 12. The ob- | 
servaiions necessary : 
therefore, during | 
the station _ test, ciel eepsaresd 
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speed of the tur- See ca came 
bine shaft and || | 
the position of the aoe 4 
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Hydraulic and Turbine Horse Powers 


FiG. 12.-HORSE POWER CURVES, DERIVED FROM DIAGRAM 11. 


The electrical output of the station was determined by 
means of calibrated ammeters and voltmeters placed in 
circuit at the switchboard. The readings were taken simul- 
taneously every minute, and whenever changes occurred 
within the minute they were noted and timed to seconds. 
In this way the complete station performance has been 
plotted on a time base. 

T he Turbine Performance.—The nominal head was 18 feet. 


*For the first, second and third sections of this article see THE 
ELECTRICAL WORLD of May 28, June 4 and 11, 1892, 
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for comparison. The hydraulic horse power (H. H. P.) 
curves as plotted were computed from the quantity of 
water discharged by the wheel and the head acting on the 
wheel, as determined at the testing flume. The curves of 
Fig. 12 have, therefore, been used to get the actual power 
developed at the turbine shaft for the different gate open- 
ings and speeds during the station test. 

The H. H. P. curves will be seen to have an almost con- 
stant inclination, while the T. H. P. curves have a charac- 
teristic convexity, indicating that speed at which the tur- 
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bine will develop its maximum power for any particular 
gate opening. This may be called the ‘‘critical speed” at 
that gate. For example, at 1.00 (full) gate the maximum 
horse power developed is 210, at aspeed of 110; at 0.533 
gate the maximum T. H. P. is 133, at 100 revolutions. The 
horizontal distance along any speed line between the H. H. 
P. and T. H. P. curves for a given gate represents the 
power lost in the turbine at that speed and gate. Thus, at 
100 revolutions and 1.00 gate there is 54 h. p. lost in turbine 
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Fig. 14. 


friction, as measured on the 100 speed line, from 208 to 262. 
This gives an efficiency of 79.3 per cent. Selecting the 
speed at which the distance between these curves is a mini- 
mum we obtain the maximum efficiency. The best speeds 
for the maximum efficiency and output for any gate are 
not identical, though they occur very closely together in 
the curves. . 

As a few of the speeds in the Neversink test were beyond 
the range of those on the test-sheet furnished, the authors 
have assumed a fair prolongation of the curves to 80 and 
130 revolutions, in the general direction indicated. 

From the gate curves at different speeds and horse pow- 
ers, of Fig. 11, the speed curves at different gates and 
horse powers of Fig. 12 have been plotted. These are much 
more convenient for finding the horse powers than the 
former curves. The turbine friction at any gate is the hori- 
zontal distance between the corresponding speed curves. 

The intersections of the T. H. P. speed curves with the 
vertical zero line simply represent the gates and speeds cor- 
responding to no output. To the left of this line they 
represent what may be termed ‘‘negative” horse powers; 
that is, the amount of power required to drive the turbine 
from some external source ; as, for instance, when coupled 
up with another turbine. This peculiar feature will appear 
prominently in the plotted results of the performance of 
each turbine. The intersections of these curves with the 
horizontal zero line indicate the power required to drive 
the turbine at different speeds with its gate closed. 

Fig. 13 shows a series of curves of efficiency at different 
speeds for several fixed gate openings, as derived from Fig. 
11. The critical speeds are different for the points of 
maximum efficiency at the several gate openings. Thus, 
at 1.00 gate, the maximum efficiency (81 per cent.) is at 
that point on the curve having a maximum ordinate at the 
speed of 113 revolutions. The portions beyond 90 and 120 
revolutions, shown in dotted lines, correspond to the pro- 
longations beyond these same speeds in Fig. 11. 

Fig. 14 represents a completed curve of efficiency; from 
an initial zero, the curve passes through maximum to zero 
efficiency, at which point the turbine attains its highest 
speed when allowed to run empty. Another characteristic 
of the curves of Fig. 13is that if any horizontal line be drawn 
somewhat near its vertex. the segment of that Jine will be 
bisected (approximately) by the maximum ordinate. 

The mean speed of the turbines during the test was 100 
revolutions, while the rated speed is 110. The curves of 
Fig. 15 show the efficiency at these two speeds for various 
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proportional parts of the full load. Each curve has a maxi- 
mum ordinate at 82.5 per cent. of the full load, at which 
point the efficiencies are about 82.2 and 82.7, respectively. 
The per cent. of power lostin turbine friction at any per 
cent. of full load is found by subtracting the efficiency at 
that point from 100 per cent. By simply inverting the dia- 
gram and reading from 100, asa base line. the ordinates 
then represent the per cent. of turbine friction at the vari- 
Ous proportional loads, The turbine friction horse powers 
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are shown in the lower curves on the same horizontal scale 
of proportional parts of full Joad. It will be seen that the 
turbine friction horse power is not constant throughout 
the various loads under constant speed. The dotted lines 
refer, as before, to the prolongations of Fig. 11. 
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A New Eleetrie Launch. 


The accompanying illustration represents the electric 
launch Electra, built by the Electric Launch and Naviga- 
tion Company, and described in THE ELECTRICAL WORLD 
of last week. This view shows the launch after the 
cushions have been removed and the floor raised. The 
batteries and motor can be plainly seen. Forward, under 
the deck, is the controlling device, consisting of switches 
and rheostat combined with a wheel by which they are 
operated. This wheel is mounted upon the hollow shaft 
that carries the steering wheel, so that the helmsman can 
control the boat without removing his hand from the wheel, 
which is a very excellent arrangement. 
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The Best Frequency for Alternating Currents.* 





The question of what is, on the whole, the best frequency 
to employ in alternating current work has never been very 
seriously studied. The early Siemens machines gave low 
frequencies, and the original Ferranti dynamos gave about 
250 periods per second. In America the general practice is 
130 per second, while in England 100 is the most common, 
though some stations run as low as 70 periods per second. 
On the Continent frequencies of 60 and lower are to be met 
with, in some cases even so low as 40 or 45. In some of the 
multiple current systems extremely low frequencies obtain. 





“@CINTERIOR ARRANGEMENT OF THE ELECTRIC 


In considering the best frequency, it is not sufficient to 
consider the dynamo alone, or the transformers or motors 
by themselves. All should be taken into account and a 
balance struck. Beginning at the central station. the 
dynamos may be considered first. The alternating current 
machines now made are somewhat primitive in design, 
comparatively few being much in advance of the alternating 
machines made inthe early days. If an alternator is built 
up of a multitude of small magnets acting on a multitude 
of small armature coils, it is obvious that the lower the fre- 
quency the better with a given angular velocity. A simple 
machine with 24 poles, running at 500 revolutions per 
minute, gives a frequency of 100. If a second machine has 
only 12 poles, each of twice the sectional area of those of 
the first machine, the ampére turns on each field remaining 
the same, the power taken in excitation is less, for though 
each coil contains more wire, it does not contain anything 
like twice as much. The same reasoning applies to the 
armature. A machine with less armature loss and less exci- 
tation loss is thus produced, and produced more cheaply, as 
it is simpler and has less copper and less work upon it. On 
the other hand, a limit is soon reached, as large magnets 
mean increased armature reaction, so that, though the 
armature loss by resistance is less, the dynamo does not 
regulate so well. Therefore, for the ordinary old-fashioned 
dynamo, a moderate frequency is, no doubt, best. The 
difficulty of making dynamos with high frequencies has 
been enhanced by the custom of driving direct at low 
speeds. It is to be hoped that the inefficiency and 
clumsiness of the manifold dynamo will soon drive 
it out of the market, to be replaced by machines 
with single armature coils, or single field coils, or 
both. In such machines as the ‘*Mordey” a single excit- 
ing coil is employed. The idea is quite old, but it is good 
nevertheless. In adynamo of this type the armature loss 
is roughly doubled tosave loss in the field. If the dynamo 
is generally running at full load this arrangement is bad. 
but if itis not, the armature loss does not matter to any 
serious extent. In a Mordey machine, therefore, there is 
comparatively little difficulty or expense in producing any 
frequency within reasonable limits. In another form of 
Mordey machine there is only one armature coil and one 
field ceil. In the Rankine-Kennedy machine, described and 
illustrated in Industries some time ago (see vol. xi.. page 
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449), there are two armature and two field coils. In these 
machines it is as easy to havea high frequency asa low one. 
The single field coil arrangement used by Mr. C. E. L. 
Brown in the Lauffen dynamo, again, reduces the excita- 
tion loss without increasing the armature loss. In this type 
of dynamo high frequencies are as easy to attain as low; 
in fact, in this form, which has a small air space and a good 
deal of stray field, the armature reaction is considerable, 
soa rather high frequency is best. We may, therefore, 
say that, with well designed dynamos, the frequency can 
be made to suit the rest of the system. 

The next question is that of running the generators in 
parallel. Many electrical engineers still have very vague 
ideas about running machines in parallel. Some argue that 
machines with light revolving armatures will not run in 
parallel, because the armatures have not inertia enough to 
smooth the impulses down. A rough calculation of the 
energy of inertia in even a light armature will show that 
this view is fallacious. Another common idea is that high 
frequency machines wiil not run in purallel and low fre- 
quency dynamos will. There is no ground for this state- 
ment. Of course, some low frequency may run better than 
some high frequency machines, but the converse is also 
true, This is merely one of those vague statements that are 
apt to pass current as truth in subjects nct very generally 
understood. We may take it that machines can be made 
to run together at any frequencies desired. 

The next part of the system to be considered is the con- 
ductor. Of course, in all conductors there is less loss by 
skin effects with low than with high frequencies. In all 
practical cases of distribution the skin effect is too small to 
be worth considering even with high frequencies, The leads, 
need, therefore, hardly be considered in this discussion. 

Coming now to the trans- 
formers, we have to consider 
both the closed and open types. 
In a closed circuit transformer 
for a frequency of say, 100, the 
iron is generally at a low in- 
duction, that is to say, about 
6,000. If the frequency is re- 
duced, the iron is more 
strongly magnetized, and the 
loss of energy per cycle in- 
creases more than in propor- 
tion to the induction, so that 
the loss of power increases. 
It is necessary, therefore, to 
use larger transformers with 
low frequencies. Low frequen- 
cies thus mean expensive and 
inefficient transformers. Low 
frequencies also increase the 
magnetizing current, but in 
closed circuit transformers this 
is not a matter of very great 
importance. Increasing the 
size and cost of the trans- 
formers is not a small matter. 
Even if ordinary many-coiled dynamos are used, it is far 
cheaper and better to increase the frequency than to waste 
power and money in transformers. In any ordinary house 
transformer system the tranformers cost far more than the 
dynamos ; and, what is more to the point, the cost of the 
transformer with a reduction of frequency increases much 
faster than the gain in the dynamos where there is any. In 
open circuit transformers the increase of size and cost 
with low frequencies is still more marked, the excit- 
ing current being here a more important factor. For 
open circuit transformers the cost varies nearly inversely 
as the frequency, so that, by taking a little trouble in de- 
signing the dynamo, the cost of transformers can be made 
very small. 

We may turn now to the question of alternating current 
motors, but it is hardly the time to consider them, for they 
are still ‘‘in the air.” When they are developed into a 
practical shape it is probable that they will besynchronizing 
machines. In that case the speed will depend on the num- 
ber of poles and the frequency. It will, of course, be easier 
to make motors with a few poles, and it is sometimes stated 
that users will only require slow-speed motors. In direc 
current work most users prefer to use small motors running 
at high speeds to paying for large slow-speed machines. In 
alternating work it willbe the same. A small and inexpen- 
sive high-speed motor will be preferred to a large slow- 
speed motor. It must be remembered that, though a low 
frequency lends itself to slow speeds in motors, to get a 
given output needs a large, and, therefore, an expensive 
machine, whether the frequency be high or low. Having 
regard to all the circumstances of the case, we believe the 
American frequency of 130 is about the right one, and that 
low limits, such as 40 or 60, are a mistake. Recently we 
have seen 20 periods per second proposed. This would be 
ruinous both to the pocket and to the eyesight. Helmholtz 
found that the eye could distinguish 25 periods per second 
This low frequency would probably be unworkable in the 
dynamos, motors, and especially in the transformers. 
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The Telephone Industry in the United States. 


From a report of the Bell Telephone Company it appears 
that the number of telephones in service is 512,407, the 
total length of line is 255,800 miles, or about 104 times the 
circumference of the earth, 
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Power Required to Haul Suburban Passenger Trains. 


(This article is reprinted from the editorial pages of the Railroad 
Gazette for the purpose of showing the point of view from which 
steam railroad people are consideri the substitution of the 
bile we do not endorse its 
statements, the tables ani diagrams will be found to contain some 
very valuable, information for those ~ho are studying this prob- 





electric for the steam locomotive. 


lem. --Eps.] 


The inadequacy of all electric locomotives proposed for 
heavy and frequent passenger trains—for service such as 
must be handled on the prominent suburban railroads—has 
several times been referred to in these columns, and in par- 
ticular on Nov. 6last. We have pointed out what seems to 
be a lack of appreciation on the part of the electric com- 
panies and designers of the problem to be solved. Wenow 
present some definite information on this subject to show 
clearly what is needed in an electric motor if it is to do the 
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a station to the brake application, and the horse power at 
different points between stations. From these several 
diagrams we can obtain the total horse power exerted by 
the locomotives in hauling the trains, locomotives included, 
on the line at any instant ; also the total pull on the front 
drawbars, taken to include not only the frictional resis- 
tance of the train, but that necessary to overcome the in- 
ertia of the train. 

These data are based on actual speed and indicator diagrams 
taken from the suburban engines on the road, and are as ac- 
curate as necessary to give a perfectly safe basis for esti 
mating the power needed to run the road by electricity. 
From these diagrams we have calculated the average and 
maximum horse power between stations required to pull a 
train, and the average and maximum horse power required 
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These diagrams and tables give exactly what an electric 
locomotive will have to doin order to duplicate the work 
now done by steam locomotives, This is outside of all 
problems of switching, signaling and distribution of power. 
Of course all those matters are readily settled. Wiere a 
railroad company owns its right of way, it is compara- 
tively a simple matter to lay conductors for the electric 
current, and the switching of the current can be readily 
done. The whole question about the substitution of elec- 
tricity for steam is centred around the possibility of get- 
ting a motor sufficiently powerful to do the work, and the 
handling of such powerful currents as would be necessary 
on a line like the Illinois Central, where a total of 7,000 or 
8,000 h. p. is needed. 

The business of the Illinois Central is constantly growing. 
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POWER REQUIRED TO HAUL SUBURBAN PASSENCER TRAINS.—DIAGRAMS OF SFEEDS AND RESISTANCES, 


work now performed by steam locomotives in the service 
referred to. The dataare based on the present operation of 
the suburban section cf the Illinois Central road in Chicago, 
one of the largest suburban traffic fields in this country. 
The large diagram, Fig. 1, gives the number of trains on 
the line at the most crowded period in the evening—viz., 
between 5 and 6:20 Pp. M.—the location of the trains at a 
given time, and the conditions under which the locomotives 
would work if the trains were running exactly to the time 
tables. The diagonal numbers at the top and bottom cor- 
respond to the stations on the road. The distances (hori- 
zontal) are given in miles, The vertical divisions represent 
minutes of time. The short breaks in the lines represent 
the lengths ot the stops, which average about 15 seconds 
when the trains are not too crowded and the trainmen are 
alert. The trains are composed of from 4 to 16 cars, ac- 
cording to the traffic, and the average number of cars per 
train during the hours represented by the diagram is six. 
The diagrams, Figs. 2 to7, show the velocities of a train be- 
tween stations on a distance and a time basis; that is to say 
Figs. 2 to 4 show the velocities at the different seconds of 
time from the instant of starting, and Figs. 5 to 7 give the 
velocities at different distances from the starting point. 
The horizontal divisions represent feet or seconds of time 
as the case may be. The vertical divisions represent sec- 
onds of tims, pall oa drawbar in pounds per ton and total 
horse power requirel to haal the trains at various speeds. 
~~ These diagram; show also the tima from starting from 


to run all the trains. The results are given in what fol- 


lows, together with the coal consumed per use h. p. absorbed 
in hauling the cars and their lading per hour. 


Average number of cars per train . ............. TET eee 6 
Maximum number of trains on line at any one time.. ....... 14 
Maximum number of cars on line at any one time....... 84 


Average horse power required bet ween stations to overcome 

the inert‘a and the friction of the trains, as shown from the 

REE AS A OE rrr rere 390 
Maximum horse pewer required between stations to over- 

come the inertia and the friction of thetrains, as shown from 


the acceleration diagrams....... ... ma eat ete a ele 510 
Average pull on the forward drawbar of the train in pounds, 

taken as an average of the pull between stations........... 7,750 
Maximum pull on drawbar at starting, pounds............... 14,000 


If all the trains are running exactly according to the 
large diagram, which accords with the time table, then the 
following averages and maximums may be deduced : 


Average aggregate horse power for all trainsontheline . 2,600 
Maximum horse power for all trains.... ...... ...... 0 wees. 4,500 
Aggregate pull on forward drawbars, average pounds ... 51,790 


Aggregate pull on all forward drawbars, maximum pounds 108,75" 
If it happens that all trains are running at once, but not 
necessarily all starting at once, the following is obtained : 


Average horse power for al] traims.......... 2 cess: cecceeeee 6,720 
Maximum horse power for all trains...................0..000 7,140 
Average pull for all forward drawbars, pounds.............. 172.200 
Maximum pull for all forward drawbars, pounds............ 196,000 


According to the diagram, Fig. 1, the following are the 
averages between the hours of 5 and 6:20 P. M.: 


Average number of trains on line........  -.......... a 12.3 
Average number of trains accelerating at onetime ....... 6.6 
Maximum number of trains accelerating at one time ...... 10. 
Average number of horse power hours of work done by 

©2ch Steam locom dstive Pde GAY ......ccccececcces cesevevees 2,145 


Avacazs amouatof coalassi by 1 3t34n 102) mn dtivein do- 


ing 2,165 horse power hoica of Work, DIDILS ..c00 -0e wee. = 14,099 


Averaza amougt of Iilinois coal used par horse power hour, 


pou SOOM OOOO E OO OR + OCOD 6 OO E + OR FORE CORSE ++ COE +e 8ee 6.52 


The number of trains will be doubled within the next few 
years, and the suburban business will be extended further 
from the terminus. But, of course, more than one electric 
station could be used to supply the line, and distribution, in 
itself, is probably not an insurmountable obstacle. The 
problem that remains to be settled before much enthusiasm 
can be aroused among steam railroad men is that relating 
to the possibility of making an electric motor with power 
equal to that of the steam locomotive. It will be noticed 
that the average horse power between stations is about 290, 
while the maximum is 510. 

The problem, then, is to construct and maintain an elec- 
tric locomotive of sufficient weight to haul a train, one 
capable of evolving from 500 to 800 h. p. More than one 
motor to a train is practically out of the question. The ex- 
igencies of excursion days, when heavier and more numer- 
ous trains are run, we will ignore for the present. It now 
remains for those engineers who make electricity a special 
study to bring forward their plans and show what they- 
propose to do. As yet they have shown no special evidence 
of ability to meet the serious problem we have here out 
lined. Many railroad men havea feeling of confidence 
that electric motors will some day supplant our steam loco- 
motives, but it is in most cases decidedly indefinite, not to 
say superficial. This sentiment encourages the electrical 

inveators, and it is right that itshould, but they will need 
somathing more tangible if they are to make the desired 
progress. 
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Coming Development of Electric Railways.* 





BY FRANK J. SPRAGUE, 


Electric street railways are no longer experimental nor is 
their success problematical. Their history for the past five 
years is that of an almost unequaled development. Almost 
withia a decade has occurred the first working of a practi- 
cal electric railway. In a third of that pistol there have 
been put in operation or are under contract more than 450 
roads, equipped with nearly 6,000 cars and over 10,000 
motors, and with over 3,000 miles of track. There is made 
a daily mileage of not less than 700,000 miles, and over a 
billion of passengers are carriedannually. At least $75,- 
000,000 have been invested in this industry alone. Thirty 
thousand horses in a single year have been relieved from 
the slavery of street car propulsion; stables are disappear- 
ing, and streets becoming chanae; luxurious cars are run- 
ning on smooth, well-built and rigid roadbeds. Dividends 
have been increased, expenses reduced, investments en- 
larged, the unproductive have become productive, the im- 
possible possible. Land values have been increased, habit- 
able limits extended, homes created and time saved. Elec- 
tric street railway construction has become a matter of en- 
gineering, not experiment. Not only have the smaller 
towns adopted what is the only available means of cui rent 
supply, but the larger cities are following their example. 
St. Louis and Baltimore, Minneapolis and St. Paul, Buffalo 
and Rochester, Boston and Brooklyn have fallen into line, 
and latterly even Philadelphia seeks an improved street ser- 
vice, and in New York public interest is being aroused. 

Among the numerous places in New York where an over- 
head system could be put in perfect operation are Central 
Park West, the Boulevard, from Fifty-ninth street up; a 
part of the First and Second avenue lines, the Third, Sixth 
and Ninth avenue lines, and all the suburban extensions 
from the annexed district. 

The construction must be of the very best. The only 
overhead line allowed should be a contact wire with suf- 
ficient strength; the main conductors and the feeders 
should be put underground in proper conduits. There 
would then be overhead only a wire necessary for the 
smallest duty and of the requisite strength. In many 
streets, of course, the cable will hold its own until an elec- 
tric conduit or surface contact system shall be proven sat- 
isfactory. 

Impressed by the great development of this industry, 
and brought face to face with the changes it has wrought, 
the query is continually made: Will the electric motor re- 
place the steam locomotive? It is similar to the older 
questions : Will the telephone replace the telegraph? Will 
the electric light annihilate the gas system? And, in all 
soberness, a like answer can be made: It will not; but it 
will, as the electric light and as the telephone have done, 
create a field of its own, an1 will replace a portion of the 
service now done by steam. 

It seems to me that the growth of electric railways will 
proceed something in this order: First, the street systems 
in the various towns, then connecting lines between ad- 
jacent towns following the lines of highways ; then longer 
connecting lines, either on the tracks of existing steam 
lines, or, growing bolder, on exclusive rights of way on the 
same order. Then will come suburban traffic on a larger 
scale, and freight transfer systems, and finally the more 
ambitious projects of trunk line service under limiting con- 
ditions. 

It has been very properly said that a man will make the 
first long rides on electric railway by transferring from one 
town system to another through connecting links, rather 
than on individual roads. This is precisely the process by 
which great steam systems have been built up, although of 
course starting ona larger scale, and it is but natural that 
this shall be one step in the development of electric railways. 

No one will question the capacity of a motor to do the 
necessary work required, or to make a speed superior to 
that of the steam locomotive provided sufficient energy be 
delivered to its terminals, but we must deal with existing 
or probable methods of supplv. Itis true that the speed at 
which a train is propelled by steam has only camel about 
50 per cent. in 60 years, for in 1832 the **‘Matthew Bald- 
win” often made a speed of a mile in a minute. But we must 
not confound speed with power, for while the maximum 
speed has not been so materially increased, the endurance, 
the perfection of the mechanism, the economy of perform- 
ance have made great strides, the increased speed, which is 
by no means the maximum possible of a locomotive per se, 
has been attained at much higher powers, and the schedule 
time has been shortened principally by cutting down 
grades, straightening curves, filling up ravines, abolishing 
trestle works, replacing wooden bridges by permanent ones 
of iron or stone; by the use of heavier and stiffer rails, bet- 
ter switches, improved methods of automatic signaling, 
the interlocking switch and signal system and the abolition 
of grade crossings; in short, by improvements in details 
and management which permit of higher speeds on more 
extended sections of road because of greater safety, lower 
traction coefficients, and a greater degree of confidence 
possessed in the engine. 

All these things are necessary for high speed electric rail- 
ways, and any general improvements that will be of benefit 
to the latter must necessarily be of service to the former. 

Almost every one is familiar with the remarkable run 
recently made by a Schenectady locomotive hauling a 
special train on the New York Central Railroad, when the 
distance of 4394 miles from New York to Bufialo was made 
at an awerage speed of nearly 60 miles per hour, and which 
was the precursor of the Empire State Express, which 
makes the regular run atan average speed of over 52 miles. 

More recently we have accounts of an interesting record 
made by a well known writer on two runs between New 
York and Albany, on which a large number of indicator 
cards were taken.+ 

On the New Jersey Central Road one schedule time is 
36} miles in 39 minutes, which is made where there are 
a number of necessary slackings in the speed. On the 13th 
of May the time was taken of the speed of a Baldwin 
compound locomotive for a considerable period of time 
on one of the reguler runs. Ten continuous miles were 
made in 4524 seconds and five were made in 222 seconds. 
The fastest time taken was 44 seconds, and the slowest 
noted was 47. 

In making these very high speed runs there is not much 
attempt at maximum economy of coal consumption, the 
necessity being to generate steam as fast as required by 
the cylinders ; but on taking an average of five trips I find 


“Abstract of an address before the American Institute of Elec. 
trical Engineers. 


,+ For a full description of Mr. Sinclair’s testson the Empire State 
Express here referred to, see the article on ‘* The Efficiency of Steam 
omotives at High Speed,” elsewhere in this issue. 


that there was evaporated 7.19 pounds of water per pound 
of coal used. The total weight of train varied from 213 to 
241 tons. 

I recently inspected a number of engine sheets, 
one of which gave the duty of 25 engines. The average 
total cost per engine mile was 10.85 cents, of which 2.66 
was for fuel. The total cost varied from 6.8 to 19.24 cents, 
and the fuel (wood) from 1.96 to 4.77 cents. On another 
sheet, giving the performance of 22 engines, the total cost 

er engine mile was 14.70 cents, of which the fuel cost 4.61. 
The total cost varied from 8.82 to 27.98 cents, and the fuel 
cost from 2.04 to 7.48. In still another, that of the per- 
formance of 18 engines, the total cost per engine mile 
was 14.73 cents, of which the fuel (coal) cost 6.62 cents. 
The total cost varied from 10.04 to 22.5% cents and the fuel 
cost from 3.82 to 13.84 cents. 

In discussing the electric system there is often a confu- 
sion of statements with reference to economy. Despite 
the undoubted fact that the electric motor can probably be 
run at variable high speeds with less variation of economy 
than can the steam locomotive, we must not forget that in 
the latter we are considering the economy of the unit asa 
whole, not merely of the steam cylinders, but also of the 
boiler and the furnace. In electric propulsion a similar 
comparison of economies must take into account the vari- 
able duty of the central station and the losses on the line 
as well as those in the motor, and where single units are 
used the variation in economy of the whole system would 
be much greater than in the steam locomotive. There will 
be only a reasonably fixed efficiency of the central station 
and the line when the number of units is large enough to 
make the.load on the central stations nearly constant. 

Some time ago I made a very careful analysis of the 
work done on the elevated roads in New York City with a 
view of determining the coal consumption andthe duty 
performed by the locomotives. At the time this investi- 
gation was made, now nearly seven years ago, there were 
in use on the Third avenue division 63 trains at one time 
running at very close intervals. The weight of the trains 
was from 80 to 90 tons; the speed was often as high as 20 
to 25 miles,an hour; stops were made every third of a 
mile ; in short, the duty demanded of the engines was ex- 
ceedingly severe. The maximum indicated horse power of 
the locomotives was found to average about 163 h. p.. al- 
though on occasions these locomotive have been worked up 
to 185 h. p. Work was divided approximately as follows : 
Acceleration in starting, 59 per cent.; lifting, 24.3 per cent., 
and traction, 16.7. The average horse power exerted was 
70.3 h. p., considerably less than one-half of the maximum. 

The work on the line was so distributed that there was an 
almost constant total duty of about 4,500h. p. The locomo- 
tives were on duty 20 hours, but used steam only six hours, 
and including all losses when standing still and the amount of 
steam used in braking, there was a horse power developed 
for about 6.2 pounds of coal per hour. I believe that these 
figures are entirely reliable, and they show a remarkable 
performance when we consider the class of duty. 

An analysis of the coal expenditures showed that, with 
an efficiency of 60 per cent. and without any of the energy 
of the train being returned to the line, the relative coal ex- 
penditures between steain and electricity would be about 
in a ratio of two to one; but if the energy of the train was 
returned to the line to the extent which I believe it is pos- 
sible, then the relative expenditures of fuel would be in the 
proportion of seven to two. Since the coal charge on the four 
divisions was at that time about $550,000, it can easily be 
seen that, independent of any question of saving in the care 
of the structure, and any reduction of depreciation of the 
motor equipment, the fuel saving would be sufficient to 
pay a good interest on the cost of an electric equipment. 

In discussing high speed possibilities aud limitations, the 
testimony of Dr. Dudley, as given in a discussion of a paper 
before this Institute on the 24th of February, 1891, is inter- 
esting.* 

Such a shape can be given to the front of an electric loco- 
motive as will make the air resistance not over one-half 
that presented by a plain surface of equal cross section and 
perpendicular to the line of motion, but even this fact does 
not alter the other, that the resistance per ton must be 
higher for small trains than for large ones. 

Speed, capacity and coal economy are, however, not the 
only questions to be considered in railroad operation, and 
in discussing the general subject it will be found that the 
signaling and braking questions at high speeds are serious 
ones. Undoubtedly anelectric train with distributed mo- 
tors making the weight of the train available for traction, 
could by using the motors as dynamos to return the energy 
of the train to the line from the highest to mean speeds and 
then on a local circuit be more quickly and effectually 
slowed down and stopped than where shoe brakes are used, 
and both methods of course would be available. But if 
using a motor ahead of a train then there will be compara- 
tively little difference in the stopping power. 

When riding at 60 or 70 miles an hour, it is a very quick 
stop to bring a train at rest in less than 2,000 feet. This is 
often as far as any signal can be made out, especially when 
the weather is at all thick. Hence we may expect to find 
on electric railroads, if high speeds are to be attained, and 
quite possibly also on steam railroads, an extension of au- 
tomatic signaling, so that trains indicate on more than two 
sets of signals. At present the practice is to divide the line 
into sections, and when a train passes a certain point it 
sets a danger and a cautionary signal, dropping the danger 
signal on the section just preceding, and the cautionary 
signal on the one beyond. 

Turning now to the greater powers, we must not con- 
fuse the terms “‘ large powered” and ‘‘trunk line” work. 
There are two statements which I think will need no cor- 
roboration. If we had a continuous train movement com- 
»letely occupying a track system, there can be no question 
Dut that its operation from a central source by electricity 
would be more economical than if operated by steam loco- 
motives. So too, if a large number of units in reasonable 
proximity are moved, and the stopping and starting so 
regulated that the total demand upon the central stations 
is fairly continuous and equal, then there is no question as 
to the economy of electric propulsion as compared with 
steam. On the other hand, the operation of a single or very 
few units over a long distance would be so uneconomical 
and afford so small a return on the investment required as 
to make it prohibitory. 

_Between these two lies the condition of operation where 
steam and electricity meet on planes of equality. As the 
number of trains decreases, steam operation is the more 
economical ; as the number increases electricity must be 
preferred, 


* For a full report of Dr. Dudley’s discussion on this subject see 
THE ELECTRICAL WORLD of March 21, 1891, 
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In discussing the use of electricity instead of steam, a 
well known steam engineer recently stated that in his 
judgment it must be conceded that electromotive force for 
the propulsion of cars will not be economical except for 
suburban traffic and upon certain sections of important 
trunk lines like the New York Central between New York 
and Albany, the Pennsylvania system between New York 
and Philadetphia, the other lines of like character where 
it is necessary to dispatch a large number of comparatively 
light trains every day. and at short intervals. The princi- 
pal field for a power of this kind would be in suburban 
service long enough to make the ordinary street electric 
cars unpopular because of the time required ; and also in 
such cases as these mentioned above, for moving freight 
trains in cities, that-is, for the performance of transfer 
service, 

This is precisely in line with the arguments which I have 
advanced from time to time, and which I illustrated in a 
paper before the National Electric Light Association and 
its convention in Kansas City, where I outiined the possi- 
ble service between New York and Philadelphia, which I 
believed to be practicable.* 

I must repeat that it narrows itself down to the one 
question as to the number of trains operated between two 
terminal points. Make that number of trains sufficiently 
large, and the electric motor is the best means of propul- 
sion whether for high or low speed, whether for large or 
for small cars. Decrease this number and we must rely on 
steam propulsion. 

Of course I do not in this general reply consider those 
special cases where advantages are to be gained for which 
there is a retuin for capital in another direction. Such a 
case is that of the Baltimore tunnel, where the investment 
and cost of operation will be greater than that for steam 
propulsion; in fact, there will practically be no economy in 
power because the steam locomotives are not done away 
with, but are simply unused for a period of little over a mile. 
There is in this specific case, however, the incidental ad- 
vantage of doing away with the necessity of a ventilating 
plant, and yet getting rid of the annoyances incidental to 
tunnel service. 

Every system has its limitation. The electric is not ex- 
empt from this law, and hence it will be well to set forth 
what are well known limiting laws concerning the trans- 
mission of energy. They have been stated time and again, 
but somehow or another people often lose sight of them in 
discussing the question of investments in large electric rail- 
ways, so that I think it would be well perhaps to restate 
and emphasize them : 

The weight of copper necessary to transmit a given amount of 
power with a fixed loss will vary inversely as the square of che 
electromotive force used. 

The distances to which it can be transmitted with a given weight 
of conductor will vary directly as the pressure. 

The distance to which it can be transmitted over a conductor 
with a given cross section will vary directly as the pressure. 

The weight of copper necessary where the supply station is in the 
centre of a system is only one-quarter that required if the station is 
at one end, 

The weight of copper will vary inversely as the square of the 
number of supplying stations properly placed. 

The electromotive force required will vary inversely as the num 
ber of stations, 

Lack of knowledge of these simple and unalterable laws 
has led to much misconception of electrical possibilities, 
and these have not been confined to the electrical engineers. 

Leaving out of present consideration trunk line work, 
there are three problems requiring solution in the applica- 
tion of electricity to propulsion on a large scale under con- 
ditions existing, for example, in Chicago or in any other 
place where there is a movement of a large number of trains 
or more or less complicated tracks as will be found at al- 
most all terminal railway stations. ° They are: 

First, the development of an electric locomotive of ample 
power which shall be as readily controlled as the steam lo- 
comotive, shall be reliable in operation, and shall show a 
high economy. Of course such a machine must have all 
the adjuncts which are necessary for train movement. 

Second, a system of conductor and methods of support- 
ing the same which can be relied upon for ample supply of 
current and absolute certainty of continuous contact at all ° 
speeds on curves, switches, cross-overs and the multitudi- 
nous combinations which exist on yard tracks, 

Third, a system of automatic block signaling, which, 
while effective for steam traftic, will not be thrown out of 
operation by the use of tracks as conductors of electricity 
for a general supply. This is a more serious question than 
it is at first considered, for this use will materially interfere 
with, if not absolutely destroy, the utility of what is known 
as the rail circuit system. This third problem is one which 
must necessarilly follow the development of the other two, 
as the automatic signaling systems now existing have fol- 
lowed the development of steam practice. 

It will smokes be found necessary to erect a variety of 
conductors. From the most careful consideration which I 
have been able to give to the subject, I believe there is one 
way and only one way in which the current can properly 
be supplied in any complicated system, and that is from 
the overhead conductor, practically rigid in character, fol- 
lowing very nearly the centre line of all tracks and 
switches, with no movable overhead parts, and with return 
through the rail. The locomotive would then practically 
be moving between two electric planes, the lower being 
the guiding one. 

I know there has been a great deal of talk about other 
possible systems of supply. W~* have heard much of the 
charged rail using low potentia! currents supplied a fre- 
quent intervals by motor generators driven from a central 
station. Since we have discovered no conductors devoid of 
resistance, and the art of welding is not particularly ap- 
plicable for railway service where moving contacts are a 
necessity, little credence need be given to any scheme of 
this character. 

Intimately connected with the question of conductors, 
and one of the most serious ones which has to be met by 
the electrician, is that of potential. 

For the present, and I think for a long time to come, we 
must confine ourselves to the consideration of railroad 
problems where continucus currents are used, and where 
the trattic between two points is sufficiently large to justify 
the investment in central stations and conductors which 
would be required for the operation of such a system. 

There are two methods of propelling trains electrically, 
one by following steam practice—that is, by building a 
large motor and hooking it to the head of a train, the 
weight of the motor being such as is required for the 
necessary power and traction when grades or slippery 
tracks are encountered. From all that has been develspen 
up to the present to get the control that is necessary and 








*For the full textof Mr. Sprague’s paper before the National 
wicotrlo Light Associaiion, see THE ELECTRICAL WORL» of Feb. 22, 
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to build the machines safely, the electric locomotive will 
weigh nearly as much per horse power as the steam loco- 
motive. This weight can be better distributed, but I do 
not think if steam practice is followed on trunk line ser- 
vice that there could be any very material reduction of 
weight of train. 

The other plan is to have each car propelled by one or 
more motors. This would be the ideal system so far as 
propulsion goes, provided the electric motor was unlike all 
other mechanical apparatus, and that it never failed, and if 
a number of machines could be as well taken care of, cost 
no more and show as little depreciation as fewer machines 
of larger capacity operated as a unit. 

Should we ever = as we all hope, in possession of a 
single circuit alternate current motor, then in view of the 
simplicity of its control, we may fairly hope for the dis- 
tributed motor system. But here also the eager and 
likewise the weight of the motor being determined by the 
total duty done, the weight of train limit would not be de- 
creased, but rather increased. 

If, on the other hand, single units are used, the query 
naturally arises. what form would the electric locomotive 
of the future take? Ido not think this is by any means 
settled. Undoubtedly gearless machines will be used, but 
whether they will be mounted directly upon the axle, or 
whether they will movably inclose the axle and be flexibly 
connected to it while their weight is carried on springs on 
the truck, or whether the motor will be carried on the 
truck frame and connected to the drivers 7 ordinary 
coupling rods. are questions which will be determined 
eventually by the depreciation per car mile upon the mo- 
tors, trucks and roadbed as well as by the speed to be at- 
tained. 

Among the roads which are ripe for the electrical en- 
gineer, and on which in the near future I hope he will 
demonstrate he has a most legitimate claim, are the New 
York Elevated and Chicago Elevated roads, the handling of 
trains on the New York Centra] and Harlem roads below 
the Harlem River, the long talked-of rapid transit road 
of New York, the Metropolitan underground road of 
London, the proposed tunnel roads in London, Paris and 
Berlin, and coming more immediately home, suburban 
service such as that of the Illinois Central Railroad, a most 
ideal track for the electrical engineer, and last, and as it 
will prove one of the most important, the operation of 
terminal and warehouse systems for the interchange of 
freight on the lines entering a city situatéd as is Chicago. 

There will probably be in operation in the United States 
within twelve months not less than five locomotives var y- 
ing from 700 to 1,209 h. p. and from 45 to 80 tons in 
weight. The character of the work done will vary. 
In that work which I am most concerned from a_ personal 
standpoint, a 700-h. p. electric locomotive will be built for 
experimental work, and to attempt to solve as far as may be 
the various problems which are involved in railroad practice 
in Chicago. If my judgment is followed, there will be an 
experimental section of track in the form of a loop about 
thirteen miles long with eighteen miles of rail, and with 
every variety of single and double track construction and 
simple and compound crossings and switches. 

On this I hope to see erected such varieties of overhead 
construction as may be found best to meet the various 
kinds of service, and where the railroad problems on track 
jointly operated by steam and electricity can be developed 
in the most satisfactory manner. On this track there will 
be not only this locomotive but also one of eqr ‘ rated ca- 
pacity supplied by one of the larger manufacturing com- 
panies. 

The duty demanded of these machines will be severe. 
They will be required to haul a train of not less than 450 
tons at 30 miles an hour up a grade of 26 feet to a mile. 
They will probably be required to develop their full capac- 
ity at all speeds between 30 and 60 miles per hour, and if 
there is sutticient track room they will be driven at speeds 
of ‘at least 75 and perhaps 100 miles per hour for short dis- 
tances. The potentials used will be nearly double that at 
present obtaining in street railway practice. 

A still larger problem, so far as power goes, although not 
in the variety of conditions v vich will have to be met, 
will be that rec »ntly taken for the operation of the belt line 
tunnel now being constructed in Baltimore to avoid the 
necessity of boat transfer to Locust Point. The duty of 
the motor here will be to propel the train with engines 
coupled on but not in operation through a tunnel about 
6,000 feet long. 

The conditions require the motors, which will weigh 
about 80 tons and have a capacity of about 1,200-h. p., to 
propel a 1,200-ton freight train up a grade of 42 feet to the 
nile at a speed of 15 miles per hour. Passenger trains of 
450 tons weight must be regularly started from rest twice 
in the tunnel on this grade, and in an emergency the 
motors must start the freight train. The drawbar pull 
under regular duty, and when not st»rting, may be as high 
as 32,000 pounds. 

Perhaps the traftic from New York to Philadelphia affords 
as good an example as any of what may be done on regular 
passenger service, provided the track is clear enough. 

For this I some three years ago,* and again in The Forum 
of September, 1891, outlined an electric express service, 
with a method of supply through a red carried above the 
car and a return circuit through the rails and earth. 

All this is said in no spirit of discouragement, for I yield 
to no man in my confidence in the future of electric trac- 
tion. No new field is so rich, none more pregnant with 
great possibilities, but the growth of the work will be more 
expeditious and healthy if we separate the visionary from 
the real, the impracticab!e from the practicable. 
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A New System of Electric Propulsion.+ 


BY H. WARD LEONARD. 

In the distribution of electricity from a power station for 
the operation of electric railways the only commercial 
method to-day is by the use of a system of constant 
E. M. F. operating the motors in multiple arc with each 
other, and at the present time every consideration of econ- 
omy and automatic regulation seems to indicate that the 
constant E. M. F. multiple are system will always be the 
best for such distributions. 

In the use of electric energy by motors operating under 
conditions of varying speed and torque the best results as 
regards economy and regulation are obtained when the 
electric energy utilized has a voltage varying directly as the 
speed and a current varying directly as the torque, for it 
is evident that under these conditions the electric energy 

*See Tue ELECTRICAL WORLD of Feb. 22, 1890, for a fu.] outline 
of this plan. 


+ A paper read before the American Institute of Electrical Engi- 
neers. 
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required will be always proportional to the power de- 
veloped. 

If we could operate from the constant potential system a 
shunt wound motor running at a constant pore. and could 
interpose between this motor and the axle some device 
equivalent in its effect to an infinite number of different 
sets of mechanical gears, so that we could make use of any 
reduction desired, it would enable us while using a constant 
power to increase the torque as we decreased the speed, 
and vice versa, which is just what is desired in railwa 
practice, where the least torque is required when at full 
speet on the level, and the greatest torque is required at 
the slow speed in starting and in operating on agrade. Nu- 
merous and very ingenious devices have been invented for 
accomplishing this variable mechanical reduction, but on 
account of the complication, noise and unreliability they 
have never proved successful. 

The writer has recently devised an electrical method of 
securing all the results which could be obtained from such 
a set of gears dese? od, with freedom from the noise, 
wear, complication aua rigidity which such a set of gears 
would necessarily involve. 

Following is a general description of the arrangement 
proposed, as indicated by Fig. 1: ; 

Each axle is driven by 2 gearless motor, either directly 
or by means of a connecting rod. The fields of these motors 
are excited directly from the constant E. M. F. of the line 
and independently of the armature circuit. Beneath the 
car and between the axles there is suspended a motor gener- 
ator, each armature winding being in a separate field. 
The motor portion of the motor generator--which will, 
for convenience, be called the power converter—is 
shunt wound and connected just as a shunt motor 
is for use upon ordinary constant potential circuits. The 
field of the generator portion of the power converter has 
its field connected across the line and has inserted in ita 
regulating and reversing field rheostat. This field circuit 
is independent of the armature circuit. The generating 
armature of the power converter is in metallic connection 
with the armatures of the gearless propelling motors. It 
will be noticed that this circuit including the armature is 
a distinct and separate metallic circuit having no connec- 
tion with the line in any way. 

Suppose now that our shunt motor is running at full 
speed and that our controlling rheostat in the generator 
field circuit is at its central position, so that the generator 
field circuit is broken. Although the generator armature 
is being driven at full speed it is revolving in a field hav- 
ing no magnetism except the residual magnetism, and 
hence produces practically no volts... Let us now move our 
controlling switch so as to place the generator field across 
the line. but with a resistance in series with the field, of 
ten times the resistance of the field coils. We now get a 
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slight excitation of the field and a development of volts at 
the brushes of perhaps 40 volts. This voltage will produce 
a current through the armatures of the driving motors de- 
vendent upon the ohmic resistance of this circuit only; and 
Ce even at this low voltage, a large current will be pro- 
duced, which being in a field of full strength will cause a 
torque sufficient to start the armature. The speed of the 
armature will, of course, be governed by the counter E. 
M. F. which its revolution produces in its strong field; and 
hence, just asin the case of a shunt wound motor, its 
speed will be practically constant so long as the E. M. F 
supplied is constant. 

If we now gradually increase the magnetic field of the 
g enerator by cutting out resistance by moving the controll 
ing switch, we will gradually raise the E. M. F. of the 
armature circuit, and with it the speed of the driving mo- 
tors. Since these armatures are revolving ina constant 
field, the torque they produce will be exactly proportional 
to the current in them, and the current will automatically 
flow exactly as is required to produce the necessary torque 
to maintain a speed such that the counter E. M. F. will ap- 
proximately equal the E. M. F. supplied by the power con- 
verter. Thus it will be seen that the speed of the car will 
be dependent upon and proportional to the E. M. F. sup- 
plied = the power converter, and the torque or tractive 
effort will be dependent upon and proportional to the cur- 
rent supplied by the power converter. 

Let us suppose that 60 ampéres flowing through the arma- 
tures in fully excited fields will produce a torque sufficient 
to move the load when upon a grade. It is evident from 
what we have seen that 40 volts from the power converter 
will produce this current. Hence, by an expenditure of 
2,400 watts in the secondary circujt, or a total power, in- 
cluding field excitation, etc., of about eight horse power, 
we can starta fully loaded car upon a avail 

Under the existing systems we would need tne same 60 
amperes in the same fully excited field, but would neces 
sarily use the full voltage of 500 volts, and, therefore, con- 
sume energy represented by 30,000 watts, as against, pos- 
siby, 6,000 in this system. The current from the line in 
starting the car under ordinary conditions by this system 
would be about 12 ampéres at 200 volts, instead of fron. 40 
to 100 ampéres at 500 volts. 

In practice the controlling switch lever can be instantly 
thrown from its central position to its extreme position for 
full speed. The field magnetism of the generator is rapidly 
increased, and consequently also its E. M. F., which in 
tur n causes a gradual acceleration of the car. 

The current in the armature circuit, and consequently 
the torque, is quite large in the beginning, but the i. M. F. 
at this time is quite low, so that the total watts are low; as 
the inertia is overcome and the couvter E. M. F. begins to 
approximate to the impressed E. M. F. the current falls off 
and finally becomes constant at an amount necessary to 
produce the torque required to maintain the speed. The 
current from the line, and hence the power, gradually in- 
creases from zero to the amount required at full speed, but 
at no time, either at the start or during the acceleration, 
is the energy from the line greater than that required when 
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we are operating at full speed. It will be noticed that the 
effect is the same as though we first operated through a set 
of gear wheels, giving an extremely great reduction of 
speed and then rapidly changed the ratio of gearing, until 
finally we operated at full speed, with no reduction. 

With our hypothetical gears we could, when running at 
speed, rapidly increase the ratio of gearing so that the 
movement of the car would tend to drive the shunt motor 
faster and faster. This would convert it into a generator 
forcing current back into the system, which production of 
electrical energy would act as a brake and gradually bring 
the car to rest. 

Just so, if, while running at full speed, we suddenly place 
our switch lever at its central position, the field of the gen- 
erator will gradually reduce the strength and the counter 
E. M. F. of the propelling motors will soon exceed that of 
the generator. The momentum of the car will now be 
driving our gearless motors as generators, which will sup- 
ply current to the former generator, operating it as a motor, 
causing it to drive the shunt motor coupled to it as a gen- 
erator, which, in supplying energy to the line, will act as a 
brake, and smoothly but rapidly bring the car to rest by 
converting the energy sted up and represented in the 
movement of the car into electrical energy, which will 
tend to relieve the work at the central station. Similarly, 
a car descending a grade and tending to accelerate in speed 
can be made to move at any desired speed without the aid 
of any mechanical brakes. and the energy represented by 
its falling weight will be converted into electric energy and 
the car will become a moving feeder supplying energy to 
assist the generators at the central station in the operation 
of other cars. 

It. will be evident from what has preceded that with this 
power converter system wecan propel a car upon any prac- 
ticable grade with a consumption of power no greater than 
is required to operate the car at full speed upon a level, by 
merely reducing the speed to the required extent. 

In street railways of from five to ten cars, this is of 
great importance, for it means that we can equipa road 
with about six horse power per car, as regards the engines 
and dynamos, and that our conductors can be reduced to 
about one-third of the amount at present neces ary, for we 
will never require more than 20 ampéres at the distant 
point, where to-day we have to provide for 60 ampéres with 
the same loss and same initial E. M. F. 

Under the rheostat system the plant is severely taxed 
when an unusual crowd must be moved from a certain 
point, and it isthen, when it is of the greatest importance 
that no break-down should occur, that it usually does occur. 

With this power converter system we could, upon a_ five- 
car road, start up and move with perfect safety 10 or even 

-20 cars to the most distant point on the road, though of 
course at a reduced speed, but the crowd would. be handled 
with perfect success and without subjecting any portion of 
the plant to any unusual strain. 

In the large cities it is no unusual sight to see an electric 
car moving at the slowest possible speed for perhaps several 
blocks. Perhaps 12 amperes are required to obtain the 
necessary torque. This at 500 volts is 6,000 watts. The 
power required for this slow motion by the proposed system 
would not exceed one-fifth of this amount. 

Following is a tabulated statement (Table 1) showing the 
results we may expect to obtain by this system in operating 
with fully icaded car under three different conditions : 
First, at 12 miles per hour on level; second, at three miles 
per hour on five per cent. grade, and third, at one and one 
quarter miles per hour on a level. 

TABLE I. 
Duty of Car, Showing Various Losses Expressed in Watts, 
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the power converter has been assumed as having the fol- 
lowing features : 

E. M,. F. 500 volts, current capacity for 10 hours’ contin- 
uous duty, 15 ampéres ; resistance of shunt field winding, 
1,000 ohms, armature resistance, 1.1 ohms. 

The generator proportion of the power converter and the 
driving motor are assumed as having the following 
features : 

E. M. F., 500 volts; current capacity for 10 hours’ contin- 
uous duty, 40 ampéres ; resistance of field, 900 ohms; arma- 
ture resistance, 0.55 ohm. 

The rolling friction with gearless motors on good level 
track is assumed as 20 pounds per ton. Car is assumed to 
be eight tons in weight full loaded, and five tons for moder- 
ate load. 

We find that with 12 tons moving at 12 miles per hour 
oa a level we will require 12.6 am »éres, which is practically 
th2 sam>as by preseat series motor system;. With eight 
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grade 22.5 ampére will be required, which is about one- 
third of the power required by present systems. With eight 
tons at one mile per hour ona level 2.8 ampéres will be 
required, which is about one-fifth of that required by 

resent systems. With five tons moving at five miles per 

our on five per cent. grade 18.5 ampéres. will be required, 
which is about 40 per cent. of the power required by present 
systems, 

” Let us examine some of the advantages that this method 
seems to offer over the existing methods, starting at the 
= and considering the entire equipment back to the 

iler. 

In order to place before you the opinions of some of the 
best authorities on the questions involved, I shall quote freely 
from ‘ The Electric Railway,” Crosby and Bell; Parshall’s 
‘‘Methods of Electrically Controlling Street Car Motors ; 
“‘Comparative Test of High and w Speed Engines in 
Electric Railway Work,” by Charles W. Wason (Electrical 
Engineer, April 27, 1892); “‘ The Practical Operation of the 
Gearless Motor,” by S. H. Short (THE ELECTRICAL WORLD, 
April 16, 1892); ‘‘Load Diagrams of Electric Tramways and 
the Cost of Electric Traction,” by A. Reckenzaun (Electrical 
Review, London, March 25, 1892). 

The cost of car equipment will be increased by the cost of 
the motor generator, but as a partial offcet to this we have 
saved the rheostats, two expensive controlling switches and 
a complex system of wiring. 5 

Our motors, having constant and fully excited fields, 
will operate absolutely without spark under all conditions. 
The control of the car will be entirely accomplished by a 
small switch and rheostat, handling never more than one- 
half of an ampére and occupying a space of one foot square 
and one inch deep over all. 

As regards efficiency, we will have the advantages of the 
present system under all conditions. For long runs upon 
the level we will, by a suitable switch, connect the driving 
motors directly to the line and secure an efficiency of 9 
per cent. for our motor. 

As regards depreciation, we will have the advantage of 
no rheostats or gontrolling switches to burn out, and with 
no sparking and no connection-with the field circuit we 
will have the minimum liability of burning out armatures. 
Our fields will have no tendency to burn out, since they 
are not subject to the excessive currents which the present 
series fields are. The current in our fields will be independ- 
ent of the load. 

As to field windings and rheostats in existing methods, 
Parshall says: 

‘With 25 h. p. motors an external resistance of 10 to 12 
ohms is required. 


‘* Lessening the duty of the rheostat is a very important 
point, since as yet it has been found exceedingly difficult 


to construct a cheap rheostat that could be placed under 
the car inthe small space available and dissipate so large 
an amount of energy as is required when the car is to be 
run for a considerable time at a speed so low as two or 
three miles an hour. Any method of control that has less- 
ened the energy to be dissipated in the rheostat has in 
general been considered wiih favor, since there has been a 
corresponding diminution of trouble in each case that the 
energy to be dissipated has been lessened. 

‘*The range of speed without the use of a rheostat is 
determined by the limit to which it is safe to heat the 
magnets.” 

Crosby and Bell say : 

‘*In using this method (commutated fields) the principal 
difficulty has been met with in disposing of the excessive 
heat necessarily generated in the compact mass of field 
windings. 

‘** The practical problem has been to secure a convenient 
riieostat. 

‘* The principal sources of loss in our present street rail- 
way motors are the regulating devices and the gearing. 

‘* With the motors and the gearing generally employed, 
the average commercial effciency of the combination is 
probably not often in excess of 65 per cent., giving a total 
commercial efficiency for the system, from engine to car 
wheel, of 39 per cent.; this of course is but an estimate. 
Bat taking all the factors into consideration, it is probable 
that the average of the roads now in — would fall 
quite nearly to the point indicated. In very few cases 
would it fall below 30 per cent.; in still fewer would it rise 
above 40 per cent.” 

Regarding the power required to start a car on existing 
methods and to operate it upon level and grades, Crosby 
and Bell say : 

‘* With the ordimary car equipment of two 15-h. p. 
motors, and the usual speeds, from 8 to 12 miles per 
hour, experience has shown that five to six electrical horse 
power is necessary on nearly level tracks. 

‘*The amount of current ordinarily aken in starting a 
car is momentarily more than 50 ampéres, which at the 
ordinary voltage corresponds to about 25,000 watts.” 

Reckenzaun says : 

‘If we calculate from the accepted coefficients of re- 
sistance to traction on common tram rails, we find that an 
ordinary tram car will require but three to four horse 
power for its propulsion when once in motion.” 

He says of Thomson-Houston car : 

‘* The maximum current at any time was 75 ampéres.” 

Of Sprague motors : 

‘** Here again we observe a maximum current of 75 am- 
peres.” 

Westinghouse motors : **Maximum current 95 ampéres.” 

Short finds that 80 to 100 ampres are required to start a 
car and says : 

**On this road the traffic is very heavy, although grades 
are light.” 

Leaving the car, let us now consider the line. It will be 
evident from what we have seen tha: we can reduce the 
amount of copper tu one-half the present requirements, as 
we never will require the enormous currents at present 
called for in starting and.upon heavy grades. Or, to put 
it in another way, with the existing conductors we could 
run twice as many Cars as at present, with the same loss in 
the conductors. 

Now, let us look at the generators and the prime movers, 

whether steam engines or water wheels. 
_ Under existing systems for roads of from five to ten cars, 
it is necessary to install about 20 indicated horse power 
(rated at about } cut-off) per car and about 16 kilowatts per 
car in generators. Also about 20h. p. per car in boiler 
capacity. This large equipment is necessitated by the occa- 
sionally very large demands for power and the inefticiency 
consequent upon this. 

Under the proposed system it is not necessary to provide 
pow.rin excess of 15 h. p. for any car under any condi- 
tions, and since in practice most of the cars will be operat- 
ing at less power than this, we need only install engine, 
dynamo and boiler capacity of eight horse power per car 
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instead of 20. Or, to express it another way, we can 
operate with existing boilers, engines and dynamos at least 
double the number of cars they can at pres: nt supply. 

Crosby and Bell recommend, for a five-car read : 

“An equipment consisting of two 40,000 watt dynamos, 
one 80 h. p. high-speed simple engine belted directly to 
them, and two boilers of about 50 nominal horse pow: reach.” 

Now, let us look at the economy of the operation of the 
station. With the extremely fluctuating loads of existing 
systems, the economy of the entire generating plant is very 
low. The stations of three roads which have been tested 
give for the combined efficiency of engine and dynamo 40 

yer cent., 54.6 per cent. and 62.8 per cent. respectively. 
f the load can he kept approximately constant, the com- 
bined efficiency of engine and generator should be about 
75 per cent., and in the proposed system the load will be 
sufficiently uniform for us to expect an efficiency equal to 
this, and because of the nearly constant load we can _pro- 
duce a horse power on about 25 pounds of water, while in 
present practice for small roads about 50 pounds of water 
per horse power is a fair figure, and the best published re- 
sult thus far obtained, even when the average horse power 
rose to 750 h. p., is 28 pounds per horse power, as found by 
Wason, at Cleveland, in operating a total of 71 motor cars. 

With the present systems the average indicated horse 
power per car is about 12 h. p., which on account of 
fluctuating load requires at least 36 pounds of water per 
horse power, or about 420 pounds of water per car per hour. 

With the proposed sysiem we will operate with an aver- 
age of about eight indicated horse power per car, which, 
on account of the steady lead, will be produced with ab ut 
25 pounds of water per horse power, or 200 pounds of water 
per car per hour. That is, we require about 50 pounds of coal 
per car per hour by present systems, and about 25 pounds 
of coal per car per hour by the proposed system, or a saving 
of 50 per cent. in the coal ond water required in favor of 
the prepesen system. 

On this subject of fluctuating loads and their effect 
Cresby and Bell say : 

‘‘A record of 10 minutes on a recording ammeter may 
give some faint idea of the condition of things. It will be 
seen that at one point the output jumped from zero to 150 
h. p. and back inside of a single minute, and during the 
latter five minutes shown in the diagram there were no less 
than 25 sudden variations of 5° to 100h. p., each taking 
piace within a few seconds. The road from which this 
record was obtained is four miles in length, and was oper- 
ating seven cars at the time of the test.” 

Reckenzaun says : 

‘* These abrupt changes have the effect of reducing the effi- 
ciency of the whole system to a comparatively low figure.” 

Church says (Electrical Engineer, April 27, 1892) that 
the best compound engines will show an economy of only 
28 pounds, and the usual compounded engine ‘* an average 
duty not better than 35 to 40 pounds. The same is true of 
every form of non-compounded engiae, whether high speed 
or low speed, both of which show a_ tremendous falling 
back of fuel duty under variable load.” 

Let us now examine the comparative first cost of a rail- 
way of moderate size, say from five to ten cars equipped 
by present systems and by the proposed system. 

The detailed figures per car are given in Table II. 

TABLE II. 


Showing probable comparative first cost per car by present and 
proposed system, 




















Present | Proposed 
system. system. 
Steam plant, generators and conductors per 

car (steam plant 1,000, generators 700, con- 

a eee $1,160 
Motors (two 15-h. p. equipmen‘s) 1.400 
Power converter...............- 900 
Controlling switches, cables, rheostats, etc. . 200 30 

Total first CORE DOF GRE 5. oo. cccccccccccccs $4,200 $3,430 
Saving in faver of proposed system per ca... $770 


Table III. gives a summary showing the features of the 


























proposed system as compared with the corresponding 
features of the present system. 
TABLE III. 
Present | Proposed 
system. system. 
First cost of steam plant, generators, con-! 
ductors and car equipment per car........ | $4,200 $3,430 
Ampeéres at 500 volts required to start full 
EM DO Sn craw nda cei. an an caecee 75 2.8 
Ampéres at 500 volts for full load at full! 
speed on level .......... eax hil S 12.5 | 12.5 
Ampéres at 500 volts to start full load on 5 
OE OU MN oie dae db nue en ns van vlabadabacel 125 10 
Ampéres at 200 volts for working speed on 5 | 
MU ME eS coat nce scence atecenys 60 22.5 
Ampéres fed back to system in coming down | 
OR ig ae ie ake ns 0 10 
Pounds of coal per car per hour.............. 50 25 





The features of the proposed system which seem, at first 
sight, to be very objectionable are: The increased cost of 
the car equipment and the fact that we are adding an addi- 
tional machine, having two fields, two armatures and three 
bearings ; but, as we have seen, there is only an apparent 
increase in the first co.t, for the saving in the generators 
and distributing plant far exceeds the additional cost of 
the car equipment; and the use of the motor generator 
for elevators, traveling cranes, etc., has demonstrated that, 
as regards the attention it requires and the depreciation it 
suffers, it has a marked advantage over the rheostat or 
commutated field used in the present methods of operation. 
O08 


Electrical Engineering at the Johns Hopkins 
University. 





The programme for the electrical engineering course at 
the Johns Hopkins for 1892-93 has recently been issued. 
The course is intended primarily for graduate students, but 
special students are admitted after completing the studies 
of the preparatory year, which include work in mathemat- 
ics, physics, chemistry and drawing at the University, or 
upon satisfying the mstructors that they have covered the 
same ground elsewhere. The course extends through two 
years, and includes instruction in theoretical and applied 
electricity, steam and hydraulic engineering, machine de- 
sign, mechanics of engineering and mechanical drawing. 
An important feature is the laboratory work. and students 
are expected to give as much time as possible to it. Every 
encouragement is given to original research. 

Near the close of the year the class will conduct a test of 
a central station and electric railroad and prepare a com- 
plete report on the same, 
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Electro-Technical Education. * 





BY 


My object in presenting this paper at this time is to in- 
duce, if possible, a discussion which will throw more light 
on the relations which should exist between our profession 
and other engineering professions, as well as to learn by an 
interchange of opinion, the best methods of instruction to 
be adopted in the training of electrical engineers. The sub- 
ject of the technical training of mechanical engineers has 
ee very fully treated by the Society of Mechanical Engi- 
neers, and the transactions of the Institute of Mining Engi- 
neers contain valuable suggestions as to methods of training 
mining engineers, and so with other engineering Societies. 
But as yet the subject of the technical training of electrical 
engineers has, I think, hardly received the attention it de- 
serves from our society. and in view of the fact that we 
have well represented all branches of electrical work, 
both managers of manufacturin companies, mem- 
bers of engineering firms, and a number of men prominent 
in educational circles, I shall venture to hope the subject 
will receive the exhaustive treatment it well merits. e 
can consider ourselves fortunate in having a society such as 
this, where engineers engaged in every variety of work 
may meet on common ground and learn from each other, 
and I might here sugzest, if. indeed, it has not been al- 
ready suggested, that subjects be chosen by a suitable 
committee and appointed for ** Topical Discussion” at cer- 
tain meetings as the mechanical engineers have done, and 
in this way still further increase the sphere of our useful- 
ness. 

Having stated my reason for presenting this paper, I 
shall try to show the necessity of making technical training 
in general, graduate instruction and electro technical train- 
ing in particular. 

A moment’s reflection will show that to the man of pure 
science or to the engineer we owe ail our methods of rapid 
communication and transportation, our supplies of metals 
and the necessities of daily life, as well as the utilization 
and adaptatiOn of the Jatent and wasting powers of nature, 
but it is difficult to say to which one we owe most. *‘ To 
have the application of a science we must have the science 
itself,” as remarked by Prof. Rowland in his address befure 
Section B of the American Association in 1883, but how 
often are the inquiries of such physicists confined to the 
simple enunciation of a physical or chemical principle 
which remains practically unproductive of good for cen- 
turies, and perhaps has to be discovered again, as witness 
the work of Lord Henry Cavendish. But I would not de- 
preciate the work of the man who so often foregoes wealth 
and ease to devote his life to that highest of human efforts, 
the study of nature’s secrets and the enunciation of her laws, 
His mission is a high one and rarely appreciated as it should 
be, or else the ‘‘ lucky inventor who is lauded in every 
newspaper would not receive more praise than him who, 
perhaps, discovered the principle upon which the invention 
is based and died in obscurity and want.” + Not that the 
trained inventor deserves no credit ; the world owes him 
much, but not more than the man of pure science. 

Between the scientist and skilled mechanic: or handi- 
craftsman is the engineer—the man who, familiar with 
the results of scientific investigat‘on and methods, uses 

both, by the help of the mechanic’s skill, to minister the 
more effectively to the wants and will of an ever-increas- 
ingly exacting public. To him alone we look tor the solu- 
tion of the saiilows of transmitting and distributing the 
power of waterfalls and fuels, the tunneling of our mount- 
ains, the building of our railways and steamships, as well 
as the more delicate work of flashing our thoughts and 
words fro Lown to town and from continent to continent. 
This field of work is so vast that of necessity it must be di- 
vided among specialists and sub-specialists ; but since the 
‘*Vril” of Lord Lytton’s ‘‘Coming Race” has shown 
itself so marvelously well fitted to do our every bidding, I 
believe a great portion of the work hereafter will be done 
by the electrical engineer. And as sc much wll be ex- 
pected of him, the duty devolves upon us to give him such 
training in his youth as will most effectively enable him to 
grapple with the problems to confront him in his future 
work. Ihave said the engineer uses the mechanic’s skill 
in the accomplishment of his aims, and if so, he must possess 
a certain familiarity with tools and shop method, or else he 
will not always be using such skill to the best advantage; 
but evidently it is not expected of every engineer that he 
spend sufficient time on shop practice to attain the same 
degree of efficiency in the use of tools as acquired by the 
mechanic who devotes his whole life to their use without 
attaining the highest skill in manipulating them. And ex- 
perience, both at home and abroad, has shown that syste- 
matically conducted elementary schools where the ‘ man- 
ual element” has been introduced ‘‘ are far more efficient 
in developing and training of youth than the best managed 
mill or shop,”{ for inthe latter, despite the good irften- 
tion of the manager or president, the learner is kept 
months by the foreman stamping out armature discs, if 
there were need of armature discs, or punching holes, if 
there were need of holes. While in the school the variety 
of equipment is greater than in the best shop, and every 
operation is taught with the object of making the student. 
familiar with the principle involved, and no more time is 
spent on one operation than is sufficient to insure a thorough 
understanding of it. 

Until within the past few years the value of the manual 
element in education has been sadly overlooked in elemen-- 
tary instruction in this country. Special and distinet 
schools, called variously Manual Training Schools, Schoolg 
of Mechanic Art and Developing Schools, have arisen where 
those elements which underlie all industrial pursuits have 
been introduced into general elementary education, not be- 
cause students leaving such schools expect always to enter 
upon some trade or into some *‘ Trade School,” but because 
such instruction is eminently ‘‘ desirable for the roundness 
and unity of general education, and valuable no matter 
what the future of those so educated may be.”§ The Mas- 
sachusetts Instirute of ! echnology, the Washington Univer- 
sity, St. Louis, and others, have attached to themselves 
schools of mechanic arts and manual training schools for 
the reason, I take it, that the elementary public schools do 
not afford such instruction, and they recognize the great 
educational value of their training. 

But as soon as such instruction is given as it should bein 
the public or preparatory schools, the universities will find 
it no longer necessary to devote their energies to such ele 
mentary work, but will reserve their whole force for the 
higher instruction for which they are originally designed, 
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Aside from the educational value which instruction in the 
use of tools, wood-turning, pattern making, forging, metal 
working, etc., has, and which alone would justify it, 
“simply on the ground of the discipline it gives,”* such in- 
struction becomes of double value to a student intending 
either to learn a trade or become an engineer. If he intends 
to learn a trade, and perhaps be a shop fo.eman, he proba- 
bly knows, due to the manual instruction already received, 
whether he will become a watchmaker, carpenter or ma- 
chinist, and enters a trade school where the techniqne of 
his chosen trade is taught. 

If his aspirations are higher, he pursues his studies still 
further and enter; a technical school whose primary prov- 
ince is the training of engineers. 

In studying the various courses given in the best tech- 
nical schools in this country and abroad, and the opinions 
of educators and engineers, I take it that a technical school 
is primarily a place for the preparation of men who ex- 
pect to earn their living as engineers. It is not a school of 
general culture, nor is it a school of abstract science. Itis 
a device to save time, and teaches the applications of pure 
science to industrial purposes. 

A technical school is also, [ claim, a post-graduate 
school in the ordinary sense, and in this respect should 
rank with schools of law and medicine. If the engineer is a 
man who uses both the results of science teaching and me- 
chanical skill, he must certainly have great familiarity with 
both, and the attaining of such fami. iarity will constitute his 
undergraduate work. But, after such general knowledge 
8 acquired, no time should be lost in fitting each student 
to be of the greatest immediate value to those who employ 
him, Unfortunate as it may be, we must reconcile our- 
selves to the necessity of becoming specialists. It may be 
argued that ‘‘The more a man knew of all the related 
branches the better he could perform his special work, 
but this is only arguing the advantage of omniscience.+ 
Time was when all known about electricity would not 
greatly tax the ordinary intellect, but now each student can 
only hope to become an expert in one very narrow depart- 
ment, and I believe we must shape the courses, as far as 
possible, in our electro-technical schools to meet the re- 
quirements of the times. 

Of course, to employ a number of specialists and to give 
each student the opportunity to choose the work he is best 
fitted for will be expensive, but if our country is to keep 
apace with others in industrial progress she must educate 
her engineers. When private generosity fails, State aid 
must be forthcoming or we will have to witness others 
surpass us in the race for international position. ‘‘ It is in 
consequence” of superior industrial and technical educa- 
tion ‘‘ that Germany is gaining a better industrial position 
daily.”{ And the same might be said of several other 
foreign countries, so that on the score of economy no more 
profitable expenditure of public money is possible than for 
the support of technical schools. ucation is not a 
money making business. ‘‘ No fact is more firmly estab- 

fished all over the world than that higher education can 
never be made to pay for itself.”S Noconsiderable income 
can be anticipated from student fees. Higher education 
must look for its support to private munificence or public 
help, and, as suggested to the English Institute of Elec- 
trical Engineers by Professor Ayrton, it would seem to be 
the duty of such a body as this to influence as far as pos- 
sible public opinion in favor of advanced electro-technical 
education. 

Having seen the importance of manual training as a fac- 
tor in elementary education, and knowing its special value 
to those intending to become either handicraftsmen or en- 

ineers, I would recommend that a fair knowledge of forg- 
ing and foundry work, pattern making, wood and metal 
turning, and drawing be required of every student for mat- 
riculation into any college course. Such an elementary 
knowledge can readily be acquired by the average student 
by the age of 16 or 17, along with the elements of English 
education, such as given in our high schools and acade- 
mies. 

The importance of drawing can hardly be overestimated. 
It is rightly called ‘‘the shorthand language of modern 
science,” and everyone can learn to draw with a fair degree 
of accuracy, ulthough the ‘‘ negative faculty of drawing in 
some people is almost miraculous.”| Ido not mean artistic 
drawing, —_ and perspective, but the elements of 
orthogonal projection can be as easily acquired as the art 

of writing, and for some purposes it is just as useful. In- 
deed, ‘‘ drawing is now regarded by many educators as an 
established factor in elementary education, and destined to 
work its way into all classes of public schools.”"*{ At the 
age of 16 or 17 a boy having had good advantages should 
be able to enter any of our best American colleges, and 
here, if he intends becoming an electrical engineer, I would 
have him study for three years mathematics, chemistry 
and physics, with German and French. These apparently 
few subjects will absorb the greater portion of his energy. 
Nothing is gained by working at excessive pressure in early 
life ; and as to knowing anything about engineering itself, 
it would seem best to leave that alone until a thoroughly 
good scientific education had been first acquired. When 
electrical engineering is taken up in earnest the student 
should have such a command of physical and chemical 
facts and methods, and be such a master of mathematical 
analysis as to leave him free to discuss engineering problems 
without the necessity of first acquiring the facts and 
methods he may wish to make use of, 

A good course in modern geometry, differential and in- 
tegral calculus, say according to Williamson, and differen- 
tial equations, say Forsyth or Craig, would be sufficient to 
pursue with advantage nearly any course in electrical en- 
gineering given in this country at the present time, and 
when in reading Maxwell it beeomes convenient to have 
quaternions or spherical harmonics, they can be studied in 
connection with such reading. But to aeaet to analyze the 
action of alternating current apparatus without the use of 
differential equations, is, to say the least of it, no very easy 
task. We admit the value of geometrical methods and 
especially as expressing in convenient form, the result of 
algebraic analysis. Indeed, in the hands of Mr. Kapp, Mr. 
Biakesly and a few others, they have been used with ex- 
cellent analytic etfect, but their general weakness as com- 
pared with modern methods, is too well known to need 
comment. As regards the amount of general physics re- 

uired, I should say the student ought to be familiar with 
the theory of heat measurements, thermo-dynamics, the 
principles of fluid motion, the dynamics of a particle, and 
of solid and rigid bodies, the theory of sound and physical 
optics, and the facts and principles of magnetic and electric 
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actions. Above all he should be able to apply mathematical 
reasoning to physical problems and be skilled in the art of 
experiment. ; 
n ordinary electrical work a knowledge of inorganic 
chemistry would perhaps suffice, but if one expects to make 
a specialty of electro-chemistry, then both organic and in- 
organic chemistry should be required. 
ides mathematics, chemistry and physics, which must 
be considered as principal subjects of the directly prepara- 
tory course, German and French should be acquired, as so 
large a part of our best electrical literature is in these lan- 


guages. 

Indeed, aside from the three principal subjects of the pre- 
paratory course, it would seem best t> allow.as wide range 
of choice in the remaining subjects as he is capable of 
carrying, for engineering is ‘*a narrow life which 
concerns itself solely with building bridges or makin 
analyses,”* building, erecting at testing electric an 
magnetic machines. Unless his general education is gotten 
in early life, I believe it is the experience of engin2ers that 
such culture is doubly difficult to attain after entering upon 
strictly professional! duties. 

Assuming, however, that a thorough working knowledge 
of mathematics, physics and chemistry is possessed by the 
student, then I believe he should spend three years in study- 
ing the applications of his acquired facts and principles 
before attempting to practice his profession. 

We must, I think, recognize three classes of electrical 
engineers in this country at this time: first, the installing 
engineer, who superintends the equipment of central or 
isolated electric light or power plants, electric railways, 
mining plants, etc,, and runs the same when completed. In 
this class of work more than a knowledge of electricity is 
required. It becomes essential to have a thorough knowl- 
edge of steam engineering, track and pole line construction 
as well. He should be as well able to choose the best engine 
and boiler for a given set of conditions, and to install and 
operate them economically as he is able to choose the best 
dynamo, motor, line wire or lightning arrester. A practi- 
cal knowledge of building foundations, laying out railway 
curves, running pole lines, is to this engineer a matter of 
greatest importance. 

The next distinct class of electrical engineers I would 
recognize, are designing engineers, who rather have to do 
with the manufacture of electric apparatus, than its install- 
ation. Such men design and superintend the construction 
of the apparatus put on the market by the several manu- 
facturing firms, but rarely also have to do with steam en- 
gines, track construction, or pole lines. To this second 
class, a correct knowledge of machine design is of equal 
importance with a knowledge of magnetism and eee 
and it was perhaps of such men that Lord Kelvin was think- 
ing when he said an electrical engineer should be nine-tenths 
mechanical and one-tenth electrical. 

The third-class of engineers are employed by standardiz- 
ing bureaus, and in laboratories, to make tests of electric 
and magnetic constants, calibrate instruments, etc. For 
such work neither a knowledge of pole lines, foundations, 
or machine design, is so important as familiarity with deli- 
cate methods of measurement and skill in manipulating 
sensitive instruments. 

It would seem best then to shape the course in any elec- 
tro-technical school, as far as possible to meet the require- 
ments of these distinct classes of engineers. 

The proportions of the three kinds I have named vary 
greatly in different parts of the country. With us at the 
West, the greater part of electrical work consists in install- 
ing and operating the apparatus manufactured by Eastern 
firms. In some few cases electric factories started west of 
the Mississippi have been successful, but their number is 
not great, and the proportion successful is less, The time 
will undoubtedly come when the mineral wealth of the 
West will be mined and manufactured by Western water- 
falls, but so long as the East continues the centre of manu- 
facturing interest, the principal work of the electrical engi- 
neer in the West will beinstalling and operating Eastern 
manufactured apparatus. Therefore, to meet the immediate 
home demand for engineers, I believe our Western schools 
of engineering must make a specialty of training installing 
engiuveers. In the East the case is different. More men 
are employed by manufacturing firms, testing and stand- 
ardizing bureaus than by construction and engineering 
companies, so that the course given in the Eastern schools 
of engineering, and which are largely for the designing en- 
gineer, are justified. 

After an inspection of the engineering departments of 
the University of Nebraska some months ago, Prof. R. H. 
Thurston declared the electrical equipment to be ‘the 
finest, considering the size of the institution, in the United 
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Perhaps it would be well to call my subject the ‘‘ College 
Education of the Electrical Engineer,” for it is strictly of 
the technical college course that I shall speak. We can 
truly aftirm that the technical education of an engineer 
does not end until his work is ended, and the college course 
is but the commencement of it. That the college course 
can be made a very important fundamental part of this 
education is becoming more thoroughly appreciated as 
the work of the technical schools comes into closer har- 
mony with the demands of the profession, and it is now 
generally agreed that a technical college course, of the 
proper kind, forms a valuable aid toward the success of the 
average young man who wishes to enter the engineering 
professions. It therefore becomes a matter of no little 
moment to so arrange the course that its usefulness will be 
amaximum. A few years back a college course entirely 
devoted to the training of electrical engineers was un- 
known. At the present time there is no dearth of such 
courses and their organization is progressing right and left, 
whence it is well to carefully consider what requirements 
of the electrical engineer’s profession they may be made to 
meet, in order that no powder be wasted. It is neither 
possible nor desirable that the courses of study of elec- 
trical engineering students in the various schools should be 
alike, but a certain unity of purpose and treatment should 
be observed, and all can profit by the suggestions made by 
the practical man. 

With this in view, I present the subject to your attention 
as it is looked upon at the Engineering School of the Uni- 
versity of Wisconsin. There is no originality claimed for 
the ideas presented, as they are based upon the recorded 
experience of some of the country’s most successful practi- 
a men, and are virtually followed in such other engineer- 


* T. M. Drown. 

+t Nebraska State Journal, March 19, 1892. 

t Abstract of a paper read before the American Institute of Elec- 
trical Engineers. 
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ing schools as make their courses thoroughly practical, and 
therefore, in the true sense, professional. I trust, however, 
that a discussion will arise that is in proportion to the wide 
importance of the subject to the electrical profession, and 
that must result in a considerable increase in the efficiency 
of the electrical engineering courses in our various colleges, 
nearly all of which are still in process of crystallization. 

In order to enter the freshman class of the best engi- 
neering schools, the applicant must have a thorough 
common school education, including mathematics 
through ordinary algebra, a fair knowledge of English, a 
reading acquaintance with German or French, a little 
pag ey wr physics and chemistry. This can be gained 
in the high schools of most of the cities of this country. 
The high school timber (some of it quite green) the col- 
leze is required to work,.and to work it to the best ad- 
vantage requires no little careful designing. In order 
that an engineer may use his abilities and training most 
advantageously, he should have a good general educa- 
tion, ne a fair knowledge of literature, history, 
economics and certain elements of law. This cannot 
expected to come from the high school, and you can 
readily appreciate that an attempt to give a general edu- 
cation in an engineering course can only result in sacri- 
ficing the géod of the students by omitting essential fun- 
damentals. Thus, to have an average chance of proving 
successful, an electrical engineer must be well grounded 
in three sciences besides those gained in the common 
schools, and which cannot be classed as engineering. 
These are: Higher mathematics, as far as it may be prac- 
tically applied in engineering ; chemistry and physics (in- 
cluding elementary electricity and magnetism); and 
manual training. A fewstudents enter college who have 
been given a fair start in these, but they are the exception; 
consequently, the subjects must be taught from the ground 
up, with a common sense view to their practical applica- 
tions. Unlimited time could be given to these prep»ratory 
subjects, but it is necessary to clear them away in the ac- 
tual time of two college years. With this requirement it 
is impossible to give a very thorough knowledge of analyti- 
cal chemistry, or of physics, but they are taught so as to 
give the student a good working knowledge and so that he 
can readily go deeper if he finds it to advantage in his fu- 
ture practical experience. The higher mathematics re- 
= all the time that can be afforded, especially in its last 

ivision, that of applied mechanics, where the student gets 
his ine knowledge of the properties and uses of ma- 
terials. 

With the preparatory studies cleared away the student 
must enter into professional studies in earnest, but there is 
little time for true engineering. The developing electrical 
engineer must expand his physics and his chemistry and 
mathematics into the laws of electromagnetism, alternating 
currents, electrolysis and electrometallurgy, and study the 
conditions of thetr numerous practical applications in er- 
gineering and the arts, each of which may demand months 
of constant effort before an intelligent mastery is attained. 
Neither can he confine his attention to these during two 
full years, for he must gain an elementary but practical 
knowledge of thermo-dynamics and hydraulics, with an 
efficient working knowledge of their applications in steam 
and water power plants. He must also get a common sense 
knowk dge of the principles underlying the design, manu- 
facture and selection of machinery. 

This is a great deal to expect a student o efficiently ab- 
sorb in four years, and it requires a most judicious selec- 
tion in order that nothing unessential be allowed to enter, 
and that nothing essential be omitted. 

Upon completing his technical college course at the Uni- 
versity of Wisconsin of four years, an average student has 
spent at least 144 weeks of hard study, much of it of a 
practical workday nature. During this time he has been 
called upon to spend upward of five hours per day in class 
room and laboratories, and about as much more time in 
individual study. No one is likely to go satisfactorily 
through such a course unless he has a decided taste for 
engineering work ; but many students find themselves capa- 
ble of doing a considerable amount of extra work, and yet 
have sufficient time for recreation to keep their heaJth and 
spirits. It is well for an engineering course to stand beyond 
the reach of students without a taste for the work, for a 
successful engineer must be pre-eminently an enthusiast, 
while he is at the same time a candid and careful thinker. 
Those who are not fitted by nature to become engineers 
are better placed in a general educational course at college, 
and they are then more likely to becOme useful to society 
and to themselves than if passed through the technical 
mill. 

It may be here asked, Of what use is the severely special- 
ized education to the successful student in the engineering 
courses? The graduate does not become an engineer 
merely because he has successfully met the college exam 
ination. College cannot make an engineer, however prac- 
tical the course of study may be. Practice has made thou- 
sands of good ones without the aid of the college, but I ven- 
ture to say that these would frequently have become more 
eminent if they had received a thorough technical college 
course. While theory alone, wherever learned, cannot 
make a practical man, it is the one who can follow the 
guide of theory along the paths of practical work and ex- 
perience who makes the fully developed engineer. In 
order, however, that neither theory nor practice may lead 
him astray, he must have a well-educated common sense, 
The eminent and eloquent engineer, Alexander L. Holley, 
well illustrated this in one of his addresses, when he said : 

‘‘Mere familiarity with steam engines is not, indeed, a cause 
of improved steam engineering, but it is a condition. The me- 
chanical laws of heat were not developed in an engine house, 
yet without the mechanism which the knowledge derived 
through this familiarity has created and adapted, the study 
of heat would have been an ornamental rather than a use- 
ful pursuit. So in other departments. . . When one 
in any art can make a diagnosis by looking the patient in 
the face rather than by reading about similar cases in 
books, then only may he hope to practically apply such 
improvements as theory may suggest, or to lead in those 
original investigations upon which successful theories shall 
be founded.” 

Another illustration of the advantage of the technical 
college course lies with the designer. To design good ma- 
chinery is a natural gift, and to become thoroughly success- 
ful requires long experience, in order tiat the wi oe 
ing requirements may each be given due weight. Proper 
instruction at the technical school may here do much to- 
ward stimulating an appreciation of the lessons of experi- 
ence. The considerations of primary importance to be fol- 
lowed in designing machines are admirably divided by 
Prof. A. W. Smith into four: Ist, adaptability; 2d, strength 
and stiffness; 3d, economy; 4th, appearance. In developing 
the design of a machine, the practical, but highly sanguine 
inventor often forgets all the considerations except the firs‘. 
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A theoretical dranghtsman may figure the strength to great 
precision by formulas that may not fully cover the required 
conditions, and in the meantime forget the other con- 
siderations. When the design reaches the shopman, it 
must be altered to suit his views of economy, as 
the prime factor. A machine is thus produced 
that has lost part of its adaptability as designed, 
and has neither sufficient stiffness to properly do its 
work,* nor a thoroughly gubstantial, workmanlike a 
a. The economical shopman has been defeated in 
is object, for the machine is hard to sell or requires costly 
repairs at the expense of the maker. A proper college 
course should sufficiently broaden a man, so that he can 
quickly appreciate the demands of the prime considerations 
of practice, and will apply his formulas with common 
sense and moderation. if we replace our three men in the 
machine transaction by men of equal experience and a 
technical college education of the right sort, the work of 
each should supplement the work ofthe other, and the prod- 
uct can be predicted, with some confidence at least. to 
be a satisfactory commercial one. The fault of much of 
the college training for engineers has been the lack of 
this education of the common sense or judgment. The re- 
sult has often been graduates with as great a contempt for 
the practical man as the latter could return. These graduates 
have, it is needless to say, been a failurein their calling, 
and it is such men that technical colleges should not turn 
out. The best engineering schools desire to, and do, turn 
out men who have a capacity for practical work and re- 
search. and who are in a fair way to make useful ere 
gineers. 

We can-now usefully inquire into the specialized work 
that should be prescribed for the average electrical engi- 
neering student during his last two years at college. Up 
to this point students in mechanical and electrical engi- 
neering courses have received virtua'ly the same instruc- 
tion. Here, we hold, with several others, their paths 
should diverge. The student of mechanical engineerin 
goes into careful study of shop practice, designing an 
utilizing various types of machinery, and smaller subjects. 
The electrical engineering student must receive a good 
working knowledge of the problems of the mechanical 
engineer, but he must above all be trained in the practical 

roblems of electrical engineering. He, therefore, goes 
into a study of that which will aid most in making him 
truly an electrical engineer. His knowledge must all be 
based on mechanical laws, but he must be much more than 
one-tenth electrical. 

Before reaching his truly professional studies, the stu- 
dent should gain, during his course in physics, a common 
sense grasp of the elementary notions of electricity and 
magnetism, and of the ‘* all-pervading law of Ohm.” The 
latter can be properly enforced in the laboratory by placing 
in the student’s hands ordinary electrical instruments, such 
as bridges, galvanometers, ampére meters, voltmeters, etc. 
Before beginning his specialized work, the student’s know]l- 
edge of Ohm’s law and its common results should have be- 
come almost instinctive. 

With due regard for his preparation, it seems best to ar- 
range the professional studies for the average electrical en- 
gineering student in four divisions, thus: 

1. Electro-magnetism and its application to practical 
uses, with special reference to dynamos and motors. 

2. Electro-chemistry (including primary and secondary 
batteries) and electro-metallurgy. 

3. Alternating currents and alternating current machin- 
ery, including dynamos, converters, condensers, etc. 

4, The special application of the preceding divisions in 
oa light, power, railway, mining and other types of 
plants. 

The last division is allotted about twice the amount of 
time given to each of the others. 

While higher mathematics is a useful aid ineach of the 
divisions, i's limitations asan agent must be carefully. set 
forth in the class room and laboratory. For the purpose of 
educating the es and fully defining the limitations 
of theories and mathematical deductions, the laboratory is 
indispensable. As much as one-half of the total time spent 
by the student under the direct instruction of the professors 
of electrical engineering should be devoted to the labora- 
tory. This work, moreove:, should as far as possible deal 
with commercial improvements and machinery, and actu- 
ally follow the methods of testing and research used in 
practice. Physics, chemistry, mechanics, steam engine, 
1ydraulics, @ynamos, electrolysis, alternating currents and 
other subjects, should all be properly represented by a com- 
mercial laboratory equipment, which is made useful in 
every day instruction under the direction of a man who has 
had experience in similar commercial work. The labora- 
tory method of educating the student is unfortunately too 
little developed in many of our engineering schools, but a 
strong movement has begun in most schools to increase it 
in efficiency and amount. At the University of Wisconsin 
we carry the laboratory instruction as a part of the required 
work in every subject in which it is sible. 

While the specialized course of the electrical engineer- 
ing student during the last two years is largely devoted to 
strictly electrical engineering, he is also given proper 
class room and laboratory instruction in useful allied sub- 
jects, such as the steam engine, boilers, water wheels, laws 
of contracts, etc., as has been already explained. 

Students who are mature and show that they can use- 
fully specialize more severely than is done in the regular 
prescribed course are permitted, by election, to devote a 
gress proportion of their time to either of the first three 

ivisions already enumerated. Thus a student may have 
reason to know that a thorough course in electro-metallurgy 
will be specially useful to him. In this case his work in 
the second division is increased beyond the course require- 
ments, and his work in the first and third divisions is pro- 
portionately decreased. Other things being equal, a stu- 
dent who has thus arranged his course may graduate with 
his classmates who have followed the fixed course, as laid 
down. In the same way, a student of sufficient maturity, 
who feels assured of special advantages in the field of elec- 
tric transmission of power or electric railways, may in- 
crease his work in the first or third divisions and propor- 
tionately decrease it in the second. 

In order that the student may have a fair opportunity of 
growing ** wiser and better” in the practice of his art he 
should be given reasonable encouragement. As Mr. Holley 
once said, an understanding should obtain ‘‘ among 
the owners, directors and commercial managers of engi- 
neering enterprises that it is not a matter of favor, but a 
matter of as much interest to themselves as to any class, 
that young men of suitaple ability, and of suitable prelim- 
inary culture, however acquired, should have an oppor- 
tunity and encouragement to master the practical features 
of technical education in works, not as mere a prentices, 
but under reasonable facilities for economy of time and 
completeness of research.” 


rich abundance. 
gon City, in the combined points of size, accessibility and 
nearness to the seaport, are unequaled. 
mated at from 200,000 to 250,000 h. p., are about 13 miles from 
Portland, and it requires but a moment’s thought to appre- 
ciate the value of an agent which can make this power 
available in the city. 


and the fall is about 40 feet. 
on an island in the middle of the river. 
h. p. are geared to horizontal shafts, from which the dyna- 
mo belts pass to an upper floor at an angle of 45 degrees. 
Two alternating current dynamos for incandescent lighting 
are driven by each wheel, 
4,000 volts, passes directly to the line of No.4 B. & S. wire, 
which is carried on ordinary double petticoat glass insulators 
across the level country to a sub-station in Portland. The 
current is received at 3,300 volts by transformers in the sub- 
Station and is reduced to 1,100 volts, for distribution by 
various circuits through the city to ordinary transformers, 
by which it is reduced to 50 or 100 volts. 


gineers. 
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Long Distance Transmission for Lighting and Power.* 





BY CHARLES F. SCOTT. 


The*public inter est in electrical subjects is continually sus- 
tained by the announcement of discoveries and projects 
which border upon the wonderful and extreme. In power 
transmission, one of the most inviting and promising fields, 
general expectation has been raised to commercial operation 
over great distances and at very high pressures. But many 
schemes which are readily planned with glowing outlines to 
accomplish wonderful results are defeated by difficulties en- 
countered in details and unforeseen otstacles. 

The test of practical operation has been applied in but few 
cases, and the severe test of continued operation over a con- 
siderable length of time is of rare occurrence. The latter test 
is one of great value and possesses a commercial significance 
which makes it of the highest importance. The continued 
and successful operation of one plant for a year, under ex- 
treme conditions of situation and service, is of higher value 
in testimony tothe practical development and possibilities 
of electrical work than many elaborate projects, or the opera- 
tion of novel apparatus for a short time. 

It is with this idea in mind that a description is here to be 
given of two plants, one for lighting and the other for the 
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machine, n which the wire is wound upon the surface of the 
armature, on account of the difficulty of insulating for more 
than 1,000 or 2,000 volts. The work was undertaken with a 
new type of armature, which is specially noteworthy, as it 
has rendered high potentials practicable in a machine of 
simple construction, 

The field of the dynamo is of the ordinary type of alterna- 
ting current machine in use in this country. The casting is 
circular in form, with 12 inwardly projecting poles of lami- 
nated iron, on which the field coils are placed. This type of 
machine combines simplicity with rigidity and strength, as 
both bearings and the lower field are in one casting. 

The armature is built up of laminated discs, which are 
punched with 12 T-shaped teeth. The armature coils are 
wound in a lathe, are carefully taped and insulated, and are 
then placed over the teeth and sprung in under the projec- 
tions. The space between adjacent coils is filled by a block 
of wood which holds them in place securely. This form of 
construction gives all the advantages of machine winding 
over hand work, allows ample insulation between coils and 
core, protects the coils from mechanical injury, holds them 
in position without the use of band wires and makes the re- 
placing of a damaged coil comparatively simple. The field 
current is supplied from a direct current machine and the 
main current is taken from two collecting 
rings on the armature shaft. The reducing 
transformers are placed in a vault in the sub- 
station at the city. They are arranged in 
banks or units of ten. Each bank is supplied 
by a separate dynamo and has a capacity of 
1,250 16 c. p. lights. The coils of the trans- 
formers are separately wound and taped and 
are separated from one another and from the 
iron by strips of wood. The primaries are 
connected in series for receiving 3,300 volts 
and the secondaries are in series for deliver- 
ing 1,100 volts. so that there are 330 volts in 
the primary and 119 volts in the secondary of 
each converter. This method of connection 





Fig. 1.—LIGHTING PLANT AT PORTLAND. DIAGRAM OF APPARATUS AND 


CONNECTIONS, 

transmission of power. The conditions which have been met 
include a very considerable distance, extreme difficulties of 
climate and roughness of country, exacting requirements in 
continuity of service, and a pressure above that ordinarily 
used in the class of machines employed. The plants to be 
described are the first of.their type installed in this coun- 
try, and the apparatus in the power plant is of a kind that 
has not been heretofore used. The type and construction of 
the machines and the arrangement of apparatus are new in 
many particulars, and as they have contributed largely to 
successful operation they will be described with some mi- 
nuteness. Alternating current machinery is employed, con- 
structed by the Westinghouse Electric and Manufacturing 
Company, the pioneer company in alternating work in this 
country. 

The lighting plant was first installed. lt is operated by 
the Willamette Falls Electric Company, of Portland, Ore. 
The general requirements are those which electrical trans- 
mission is admirably adapted to meet. Portland, a city 
marked for its prosperity and rapid industrial growth, has 
not the great advantage of proximity to developed coal 
fields, so that power, the fundamental requirement for in- 
dustrial activity, cannot be obtained cheaply from this 





Fic. 2?.—SECTION OF ARMATURE SHOWING IRON Disc WITH 


THREE CoILs IN PLACE. 


Another supply of energy, however, is found in 
The falls of the Willamette River at Ore- 


source. 


These falls, esti- 


The Willamette River is about one-quarter of a mile wide, 
The present station is located 
Victor wheels of 300 


The current, at a pressure of 


When the apparatus was designed, it was not considered 


practicable to generate 4,000 volts with the ordinary type of 


*A paper read before the American Institute of Electrical En- 








throws small differences of potential in any 
single coil and permits the use of conductors 
of good size. The necessity for special insu- 
lation is between the coils where there is 
ample room for placing it. A transformer 
may be readily cut out of circuit by short 
circuiting its terminals, and in case of an 
accident in which a coil becomes short-cir- 
cuited the E. M. F. on that transformer disappears and the 
others are called upon to do a larger share of the total work 
without interfering with the service. The efficiency of the 
transformer at full load is 96 per cent. 

The operation of the system is simple. The voltmeter or 
potential indicator is supplied by the secondary of a conver- 
ter reducing in the ratio of 30to1l. In the voltmeter circuit 
there is placed a compensator, which is a small transformer 
with its primary in series with the main circuit, and its sec- 
ondary in series with the voltmeter circuit, and connected 
in such a way that the compensator pressure which is pro- 
portional to the main current is opposed to that of the con- 
verter. The compensator is so adjusted as to introduce into 
the voltmeter circuit a counter E. M. F. proportional to the 
loss in the conductors, so that the voltmeter indicates the 
potential at the distant end of the line. The compensator 
effects the same result as pressure wires run from the point 
of supply back to the station. The EF. M.F. at the dynamo is 
adjusted for each load by regulating the field current so that 
the voltmeter shows the proper indication, thus keeping the 
pressure at the sub-station constant at 3.300 volts. The press- 
ure at the dynamo is slightly in excess of this at light loads, 
and is increased to 4,000 volts at full load, to cover the loss of 


SY 
= 


SS 


~~ 


PPE 
LL fuhad 
wef 

ET) 


a 


< 


pee 
N 


z 


oe 
S 


a 
SSS 


SS 


S 
be N 
SSS SSS 
SS 


AS 


SSN 


cA 
y) 
Y 


SSS RES 
N 


Sy 
WW 


SY 
Sa 
S 


SS AAAS SESE SSS 


SS 
SS 


WW 
Sy 


NS 


SON 
S_AWwsw°» 


SS 
“SS 
Ny 


g te 


WS 


A 





FIG. 3.—SECTION OF TRANSFORMER SHOWING IRON PLATE 
AND PRIMARY AND SECONDARY COILS SURROUNDED BY 
Woop. 


transmission. The secondary current from the reducing 
transformers is treated as if it were received directly from a 
dynamo. On each supply circuit from the station there is a 
voltmeter with a compensator set for the loss in this circuit. 
The exact adjustment of E. M. F. on a circuit is made by a 
regulator, consisting of a transformer with its primary con- 
nected directly across the main terminals, and a secondary 
divided into small sections, each having an E, M. F. equal 
to one per cent. of the primary. Any number of these sec- 
tions may be placed in series with the supply circuit, thus 
varying the E. M. F. at will. The form of regulator is of 
high efficiency, as it converts but a small percentage of the 
total energy, and the loss is a small fraction of this percent- 
age. 

The simplicity of the system, and the perfection of its 
operation, both from a theoretical and practical standpoint, 
are noteworthy. The electrical system receives mechanical 
energy, converts it into electrical energy, in a form suitable 
for transmission over a distance too great for other agents, 
and by the simplest form of conductor, and transforms it to 
a pressure suitable for commercial lighting. And yet in the 
whole system there is but one element in which there is me- 
chanical motion, and that motion is simple revolution. The 
only wear and friction is in the dynamo, and its bearings are 
easily lubricated. The one point at which the high-tension 
conductors need be exposed is at the dynamo, where the 
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brushes and fittings are of the simplest sort. The line does 
not deteriorate by carrying current, and, as a piece of appa- 
ratus, the transformer, in simplicity ot construction and oper- 
ation, is unrivaled. 

The plant was first installed with two incandescent ma- 
chines and started pearly two years ago. Since that time 
five additional machines have been added, so that there are 
now seven, each with a capacity for supplying 1,250 16-c. p. 
lights, in Portland. The total capacity is 8,750 lights. The 
dynamos run admirably. There was one night when several 
armature coils were burned out, which was attributed to an 
iron wire falling across the main line and connecting sev- 
eral of the circuits, grounding them. Otherwise there bave 
been no difficulties to speak of with regard to the operation 
of the machines. The superintendent of the plant states 
that the line has given very little trouble, much less than 
would ordinarily be expected from a city line. He also says 
that ‘the converters in the sub-station have not given one 





Fie. 4.—SYNCHRONOUS MoToR PLANT AT PELLURIDE. D1a- 
GRAM SHOWING APPARATUS AND CONNECTIONS. 


winute of trouble, and have not cost one cent for repairs.” 
One explanation of the success of the plant is the intelligent 
policy of the general manager, in harmony with his state- 
ment that, ‘* It isnot the first cost which counts, but the cost 
of throwing out and replacing apparatus.” 

The same policy has happily governed the installation of 
the second plant to be described—the power plant. This is 
located near Telluride, Colo., and is owned by Mr. L. L. 
Nunn. The Gold King mill requires power for operating its 
crushers and stamps, and fuel can come only from long 
distances at enormous cost. A few miles from the mill there 
is a water power, but the country between the two points is 
steep and rough, and for many months in the year is covered 
with snow. Electricity is the one means of getting the power 
from its source to the mill. The conditions are of the most 
favorable character for demonstrating the value and possi- 
bility of electrical transmission. 

In this plant a Pelton wheel receiving water through a 
two-foot steel pipe, under a head of 320 feet, drives an alter- 
nating current generator. The current is carried over a line 
of bare wire to the mill, which is nearly three miles distant, 
and drives an alternating current synchronous motor of 100 
h.p. The generator and motor are machines of the same 
size and form of coastruction as the dynamos at Portland, 
already described, and differ from these only in some minor 
modifications. 

The generator is provided with a composite field winding. 
A part of the magnets are excited by direct current from a 
separate machine, and the rest are excited by a current from 
the generator armature, which is proportional to the main 
current and is commutated by the equivalent of a two-part 
commutator, The adjustmentis such that the E. M. F. on 
the main terminals rises as the current delivered by the ma- 
chine increases, compensating for line losses and keeping the 
pressure at the motor 3,000 volts. The speed is 833 revolutions, 
giving 10,000 alternations per minute, The switchboard and 
regulating appliances are similar to those in the station at 
Portland. Ordinarily no adjustment is required after the 
machine is started, and the attendant has little to do besides 
looking after the mechanical running of the apparatus, 

The motor is similar to the generator except in the manner 
of exciting the fields. The field current is obtained, not 
from a separate machine, but from a second winding paral- 
lel with the main coils around the teeth of the armature. 
This current is commutated and passes through the field 
coils. The motor, as already stated, runs in synchronism 
with the generator, and although the general theory of the 
synchronous motor is well known, it may be briefly out- 
lined. If the terminals of two alternating current machines 
giving the same number of alternations per minute be con- 
nected together, and one be driven by an engine er other 
source of power, the second will run as a motor and will do 
work. The impulses of E. M. F. which are generated in 
each machine occur simultaneously and are opposed in di- 
rection, so that only asmall current flows through the cir- 
cuit joining their armatures. As the motor is loaded, its 
armature is beld back slightly and its impulses of E. M. F, 
do not exactly oppose those of the generator. This causes 
an increased current to flow which prevents further change 
in the position of the motor armature and holds its speed in 
synchronism with that of the generator. 

A motor of the synchronous type requires an auxiliary de- 
vice for starting, which, in the present plant, is a sinall mo- 
tor—a special modification of the Tesla type. This has a 
laminated field with inwardly projecting poles on which 
coils are placed which receive current directly from the main 
circuit, The coils on the revolving armature are short cir- 
cuited, There is, of course, no commutator or collector, nor 
is there any exposed contact or auxiliary apparatus except 
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the switch. This motor comes quickly to its normal speed 
and then has ample capacity for bringing the armature of 
the large motor up to speed. Both of the machines are 
belted to a countershaft and the ratio of the pulleysis such 
that the speed of the large motor is a little greater than that 
of the generator. The large motor is then excited and runs asa 
self-acting alternating current dynamoat the nominal E. M. F. 
of the circuit. The small motoris then switched off and the 
speed of the large machine gradually falls until it is approxi- 
mately equal to that of the generator. The relation between 
the speeds of the two machines is indicated by the fluctua- 
tion in the intensity of lamps, which are connected in series 
with the secondaries of two converters, whose primaries are 
connected with the generator and motor respectively. When 
the E. M. F's. of the two machines are in the same direction 
current will pass through the lamps. and when they are op- 
posed there will be no current. 

If the motor is running a little faster than the generator 
its E. M. F. will be in the same direction as that of the gene- 
rator at one moment, and will be opposed at the next mo- 


ment, causing a corresponding variation in the intensity of | 


the lights. At the time of slow variation and proper phase 
relation the machines are connected by closing the switch. 
The small motor is disconnected by its friction clutch and 
omes to rest, and the load is then thrown upon the large 





5.—SYNCHRONOUS MotToR. DIAGRAM SHOWING 


WINDINGS. 


motor bya second clutch. The operation of starting require 
but one man, and is accomplished in about two minutes. The 
rheostat in the field circuit is adjusted to give the proper 
field current as indicated by the ammeter. This is done when 
the motor is started and it may then run indefinitely with 
varying loads without requiring any adjustment wuatever. 

When the motor is running, the only things to be cared for 
are the brushes and the bearings. The high tension brushes 
—the only point besides the switches where the high tension 
is exposed—will run for a week without adjustment, the 
exciter brushes run without sparking and the lubrication 
of the bearings is well provided for. The construction and 
operation of the motor is strikingly simple in comparison 
with the steam engine, which it replaces, with its many 
moving parts and intricate motions. 

A few points illustrating the characteristics of the synchro- 
nous motor may be mentioned, as they are of both theoreti- 
cal and practical interest. The connection of the motor to 
the generator is not a delicate operation. If the motor is 
running above synchronous speed at the time of connection 
with the generator it instantly adapts itself to the proper 
speed. If the motor speed is slightly lower that than of the 
generator it may fallinto step when the switch is closed, 
but if it be running considerably slower it will not come into 
synchronism, but will/further decrease in speed. When this 
occurs, the switch of the large motor is opened and that of 
the starting motor is closed, bringing the machine up to 
full speed again without any injury to the apparatus. If 
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the E. M. F. upon each of the machines before connecting 
them be 3,000 volts it will remain unchanged when they are 
connected. If the field current of either machine be in- 
creased the E M. F. will be raised, but the field current of 
the other machine may be lowered and the resulting E. M. 
F. made equal to 3,000 volts. The current flowing between 
the machines depends upon the relative field charges, and is 
least, whatever the load may be, when the two machines are 
equally, or very near equaliy excited. The field current of 
either machine may be made zero, and the motor will still 
run, but with greatly reduced capacity. In atest with ma- 
chines of a smaller size the E. M. F. was 2,090 volts when 
the two field charges were equal. When the field charge of 
either machine was cut out it fell to 1,200 volts, and the cur- 


*rent increased very considerably. 


The explanation of the fact that the two machines may 
run together with widely differing field charges is easily 
understood when the extra flow of current at that time is 
taken into account. If the field charges are different the 
E. M. F. tends to be different also, and a current flows 
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between the genefator and motor, which is of such 
phase that it tends to strengthen the weaker field and to 
‘weaken the stronger one. Thus, when the tooth of the mo- 
tor is in front of a field pole, the current flowing at that time 
is in such direction as to weaken or strengthen the field as 
may be required to make the E. M. F. equal to that of the 
generator. Difference of phase between E. M. F. and cur- 
rent has an effect upon the regulation of a dynamo which is 
easily shown by changing the character of the load. Ifa 
dynamo, withaconstant field charge, is used for carrying 
an ordinary load of incandescent lamps, a certain drop in E. 
M. F. willresult. But if the same current be delivered to 
an inductive resistance, such as a coil of wire, the starting 
motor, or a synchronous motor, when its armature is at rest 
or its field is not charged, the drop in E. M. F. will be con- 
siderably greater than with lamps. On the other hand, 
when the generatot is supplying a synchronous motor run- 
ning under normal conditions, the drop in one test was about 
half that which resulted from the same current to incan- 
descent lamps. The current to the motor when running 
without load is quite small and increases in proportion as 
the load is added, With any definite load the current be- 
tween the machines, as already pointed out, depends upon 
the relative field charges of the machines as well as upon the 
E. M. F.; but there is, however, a considerable range through 
which the field charges may be varied without materially 
aifecting the current. If the load on the motor be increased 
to about twice its rated capacity it will fall out of synchron- 
ism and come to rest. The current, however, is held back 
by the self-induction of the motor armature aud is not suffi- 
cient to cause immediate injury. 

An efficiency test of the motor was made before shipment 
by driving a dynamo which was loaded. The current and 
E. M. F. received by the motor and delivered by the dynamo 
were measured and an allowance made for the loss in the 
dynamo. The full load efficiency in this way was found to 
be 93 per cent. In a test upon smaller machines of similar 
type the efficiency of the motor at full load was found to be 
91.5 per cent. The efficiency of the synchronous motor 
system, leaving out loss in conductors, but including losses 
in generator and motor, in the plant for the delivery of 50 
h. p., was found to be 8349 per cent. at full load, and 74 per 
cent. at half load. 

Full load may be thrown on the motor suddenly. In 
the Gold King mill the stamps, which are operated by 
the motor, are usually left raised when the plant is 
stopped, in order to avoid the extra strain of lifting them 
when the plant is started. It sometimes happens that the 
stamps are left down and the motor is required to raise 
them all at once. When the clutch is thrown in, the current 
indicates that the load is considerably above the normal 
capacity of the motor, and yet it is started without difficulty 
or apparent strain. 

The excellent current regulation with different loads, the 
tendency of the machines to normal adjustment when there 
is ordinary variation in the field currents, the small liability 
toinjury when the motor is greatly overloaded, the high 
efficiency and ease of attendance, are points of great value 
in the practical operation of the system. 

The pole line runs from the power station up the moun- 
tain to a height of 2,500 feet, and then crosses a rough but 
comparatively level country to the mill. The line at some 
places is at an angle of 45 degrees, and many of the poles had 
to be set in solid rock. The surface of the snow in winter is 
occasionally at the level with the tops of the poles, and parts of 
the pole line are practically inaccessible during some months 
of the year. Thisregion is peculiarly subjected to lightning 
discharges, and special precautions are necessary to protect 
the apparatus. In one instance there were 42 discharges of 
the lightning arres‘ers in as many minutes, 





Fig. 7.—MACHINE USED AS GENERATOR AND MOTOR aT 


TELLURIDE. 


The plant was started for regular work in June of last 
year. An accurate record was kept from the middle of July 
to the first of May, showing the actual number and the 
length of the delays caused by electrical machinery. During 
these nine and a half months the system was in regular con- 
tinuous 9peration six and a half days each week, with but 
few intermissions. The difficulties which were encountered 
were insignificant in amount and have resulted, not fron 
any fundamental difficulty in the system, but have been 
caused by incidental defects or accidents which usually indi- 
cated theirown remedy. The stops due to the electrical 
machinery resulted from a variety of causes and comprised 
the replacing of an armature coil damaged bv lightning, re- 
newing of fuses, fixing loose contacts, the examination of the 
line atter a storm, and sundry other slight mishaps. The 
aggregate time lost on account of the electrical apparatus 
was, by actual] count, less than 48 hours during three-fourths 
of ayear. A recent report from the superintendent of the 
plant covering the time from Dec. 13 to May 1, shows that 
the plant was running 127 days with a loss of 19%{ hours, or, 
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as he puts it, an average of about nine minutes in a day of 24 
hours. Although the plant was generally shut down each 
week for 12 hours on Sunday this was not practicable during 
a part of the winter, and the motor on one occasion was run 
continuously for 27 days without any stop whatever. 

Such a record asthis, with a new type of machinery, in a 
country where line construction and maintenance are pecul- 
iarly difficult, with practically continuous service, with at- 
tendants who were not electricians, with a high voltage, a 
considerable distance and large power, places transmission 
by the alternating current synchronous system beyond the 
stage of experimental trial and gives it the stamp of com- 
mercial success. 

This success is confirmed in a substantial way by the im- 
mediate extension of the pliant. A 50-h. p- motor 
is now being installed at a mill a few miles 
from the Gold King. An order has been entered 
for a 750-h. p. generator to be located in the 
power station, and a 250-h. p. motor for operat- 
ing a mill about 10 miles distant. Lighting at 
Telluride, eight miles from the station, which has 
been heretofore done on a small scale on a circuit 
from the power generator, is being extended. 

The large generator is a new design, and is 
notable as it has more than three times the 
capacity of any alternating current dynamo 
previously made in this country. Twomachines 
of this size have been running for some months 
for incandescent lighting in St. Louis. . 

This dynamo is of a type similar to the machines 
at Portland and Telluride. The field has 28 
poles, requiring a speed of 570 revolutions for 
16,000 alternations, the conditions of running at 
St. Louis, and 357 revolutions for 10,000, as it will 
be operated at Telluride. The armature has T 
shaped teeth, as insmaller machines. The diam- 
ete. of the armature is slightly over four feet 
and its length is about two feet. There is a 
third bearing at the end of the shaft outside of 
the pulley to relieve the other bearings from 
the severe strains resulting from belt tension. 
The total height of the machine is eight feet 
and its weight is 40,000 pounds. The electric 
efficiency at full load is over 95 per cent. 

The extension of alternating current working, 
both for lighting and power, by the use of larger ae 
machines, is therefore already provided for. 

The extension to greater distances iszlargely a 
question of E. M. F. Nearly every one is famil- 
iar with the rapidity with which the cost of copper dimin- 
ishes as the voltage is increased. 

If the cost be $100 with 500 volts it will be $25 at 1,000 volts, 
and $1 at 5,000 volts. The higher the tension, however, the 
greater the difficulty and cost of construction and the 
greater the liability to accident with apparatus and !ine, 
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FIG. 9.-VIEW OF GOLD KING MILL, 





is 10 miles. Unless, therefore, the cost of copper is to bear 
an insignificant proportion of the total cost it is unnecessary 
to exceed this pressure unless the distance be greater than 
about 10 miles. 

These simple considerations show that pressures practic- 
ally the same as those employed in the plants which have 
been described are ample for considerable distances. The 
same type of apparatus which has been successful in them is 
available for larger capacities, The fundamental elements 
required for electrical transmission in a very wide range of 
cases have therefore been tried and their success demon- 
strated. 

For considerably longer distance, where pressures higher 
than about 5,000 volts are required, good practice indicates the 
use of transformers for raising the pressure at the generator 
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and reducing it at the motor, similarin general to those em- 
ployed at Portland. The increased pressure thus available 
greatly reduces the cost of copper required, and this reduc- 
tion must, of course, be more than sufficient to cover the cost 
of the transformers. The prime requisite in a system 
for power transmission or distribution is simplicity. 
In this point electrical apparatus is 
scarcely to be compared with any other 
class of machinery. There is a‘marked 
difference, however, between the classes 
of electrical apparatus. In direct current 
machines the commutator is the charac- 
teristic feature. It is expensive to make, 
to maintain, and to renew. Theinsulation 
of the armature is much more difficult, 
because it is necessary to connect a 
hundred points in the winding to exposed 
pieces. The commutator is the part 
requiring the most careful adjustment 
and attention, both in construction and 
operation, and yet it is ordinarily the 
source of more difficulty than all other 
causes combined. It is, moreover, the 
principal element which limits the E. M. F. 
at which this class of apparatus may be 
operated. and, in order to secure the 
advantage of a high E. M. F., systems are 
planned in which the generatorand mctor 
is each composed of three or four 
distinct machines to be run in series, thus 
avoiding an excessive EK. M. F.on any 
single commutator at the expense of 
many machines and multiplied parts. The 
alternating current machine substitutes 
for the commutator the simplest kind of 
contact—brushes sliding on plain rings. 
The alternating current is anomalous. 
For vears it had little place in literature 
and less in practice. Theoretically, it is 
intricate and complicated; and the earlier 
difficulties in its application caused it to 
gcive way to direct current. But the direct 
current is reaching its limitations in con. 
ditions which alternaving current appara- 
tus readily meets. The alternating current 
motor has been one of the most compli- 
cated and difficult electrical problems, and 
yet the first large alternating current 
motor installed in this country excels 
direct current apparatus in simplicity of 


FIG. 8.-THE SYNCHRONOUS MOTOR IN THE COLD KING MILL. Construction and operation, in perfection 


There are a few points in connection with this subject which 
may be noted without entering into a general consideration 
of it. 

The smallest size of wire that can well be used for line 
work on account of its mechanical strength is about No. 6 
B. & S. This wire will transmit with 20 per cent. loss 100 
h. p. 10 miles at 4,000 volts, or twice the power half the dis- 
tance, Unless these distances or powers are to be exceeded 
an increase in pressure would result in no saving in copper, 
but simply in a less line loss, which is already not excessive. 

The use of 4,000 volts at the motor and a line loss of 20 per 
cent. requires an outlay for copper of only about 10 per cent. 
to 15 per cent. of the total costof the plant when the distance 


of regulation, and handles with simple 

sliding contacts, running for a week 
without adjustment, a pressure which with commutators is 
impracticable. 

There is another class of alternating current apparatus to 
which no reference has been made. The multiphase, or Tesla 
system, which has attracted much attention of late, possesses 
the characteristics of this type of apparatus, which readily 
adapt itfor combining simple construction with the use of 
high pressures. There are also marked advantages in the 
characteristics of the motor which are of especial value where 
distribution of power is to be combined with transmission. 
Motors of this class are self-starting with load, and may be 
un either as synchronous motors or with one winding shortr 
circuited and no commutator or brushes. The latter is 
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the ideal motor in point of mechanical construction. 
The simplicity and flexibility and range of the alternating 
current system make its possibilities the sole dependence of 
the largest enterprises, toward which the public and engi- 
neers are looking. The records of the plants at both Portland 
and Telluride demonstrate that these possibilities are being 
realized, and that work in this field is fast passing from ex- 
perimental investigation into practical electrical engineering. 
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Series Electric Traction.* 





BY NELSON W. PFRRY, E. M. 
{The first part of the paper was devoted to a summary of 
the acknowledged advantages of series systems in general 





over multiple are systems for long distances, concluding as 
follows:] 

In the one case the copper must vary as the demands and 
distances, the pressure remaining the same, and in the other 
the pressure varies, the copper and current rewaining the 
same. Inan arc light (series) circuit the wire will be of the 
same size whether it be erectec to supply one lamp or sixty ; 
whether the distance be one mile or five, and if, at any fu- 
ture time it be desirable to extend the line to double or 
treble the distance the wire already erected is amply suffi- 
cient for the part of the line it covers and merely requires 
extension to the desired point to meet all the demands. 

With the arc lamp or other stationary translating device, 
arrangements were readily devised for automatically shunt- 
ing the current around in case of disability of the translating 
device, or the desire to throw it out of service. Not so with 
a moving object, such as a street car. No means had been 
found to shunt the current around the latter, or in case it 
got out of circuit by means of the trolley getting off the wire, 
of automatically closing up the gapthus made, and thedis- 
ability of one car became the disability of the whole line and 
of every car on the line. 

Could this and some other difficulties be surmounted, the 
constant current possesses many advantages over the con- 
stant potential that seem to me would bring it into almost 
universal use for traction purposes, especially on interurban 
lines and in other cases where long distances are concerned, 

It is my purpose to show how all this has been accom- 
plished, and how the constant current system may be made 
as elastic in every way, at least on paper, as the constant 
potential, without sacrificing in any way anyof the advan- 
tages peculiar to the system, and how it is possible to make 
each unit in such a system nearly if not quite as independent 
of every other unit as is the case in the ssstem now in 
vogue. 

{After describing at some length the series systems as in- 
stalled by Prof. Short at Cleveland, O,,and Huntington, 
Va., be states :] 

I speak more freely of the defects of the Short series sys- 
tem from the fact that it has been abandoned by the Short 
company: and because its failure has been officially an- 
nounced by its projectors, my object in dwelling upon it at 
such length being to point out more clearly some of the de- 
fects that must be remedied before the series can become a 
practical working system. 

The system which I am about to explain may properly be 
described as consisting of acircuit interrupted by a series of 
breaks in multiples of two, or one consisting of a circuit 
interrupted by breaks in multiple series with each other— 
the breaks being in multiples of two. The conception then 
would be like Fig. 1. 

But in orderthat a current shall pass around this circuit, 
it is necessary that one of the breaks in each multiple shall be 
normally closed, It matters not which one is closed, so our 
plan would now look like Fig. 2. 

If a translating device should successively occupy each of 
these breaks, it would receive current during the time that 
its terminals connected the ends of the two broken wires, in 
proportion to the relative conductivity of the two paths open 
tothecurrent. But we are not satisfied to have a portion only 
of the current pass through our motor—it is necessary that all 
the current must so pass. We must, therefore, make the re- 
sistance of the other branch infinite during the time in which 
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the motor is bridging, through its terminals, the break, or, 
in other words, the normally closed branch must be broken, 

If, therefore, we place an electromagnet in series with the 
normally broken branch, sothat when vitalized it will open 
the switch in the normally closed branch, and allow it to 
close again by gravity or otherwise, when the magnet is 
devitalized, we have provided in acrude way for operating 
traveling translating devices inseries. Our conception now 
would be represented somewhat by Fig. 3. 

By this arrangement the moving device only receives a 
momentary impulse as its terminals touch the ends of the 
break, and would have to rely upon its acquired momentum 
to carry it to the ends of the next break, It will be appar- 
ent, however, that itis immaterial whether the device re- 
ceives its next impulse by closing the next break in the cir- 
cuit or whether it skips that one and gets it from any other 
break, either on that circuit orfrom one connected with an 
entirely different dynamo. It is this feature that permits 
the use in my system of sidings on single track roads and 
of forks (the skipping of one or more breaks), and the inter- 
communication between separate circuits (the jumping from 
a break on one circuit to a break on another). 

It is desirable, however, that the moving device be impel- 
led by as nearly a continuous force as possible, instead of bya 
suecession of momentary impulses. Instead, therefore, of 
having the ends of the normally open break face each other 
as represented heretofore, we may extend these wires for 
some distance parallel with each other, and our plan as 
sumes the form shown in Fig. 4. 

And it is desirable that the interval of time during which 
the device is without current, viz., that occupied in passing 
from one break to the next, shall be as small as possible. 
This naturally suggests kaving the normally open breaks all 


aon ae 


fig. $. 





THE ELECTRICAL WORLD. 


current—one passing through the switching arrangement 
that controls the section the car is about to leave, and the 
other through that controlling the section itis about to enter 
(see Fig. 6). As it progresses still further this terminal 
passes beyond this lap at about the same time that the other 
termirial embraces the other lap. This leaves the first switch 
without current and the succeeding switch is automatically 
opened, There is no break in the circuit, however, even during 
the short interval occupied by the two switches in acting, for 
while the further terminal embraces the further lap, both of 
the switches concerned are short circuited as shown in Fig. 7. 
Before the further terminal has passed beyond the lapping 
portion of the two succeeding wires, the first switch will 
have closed and the succeeding switch will have been opened, 
thus diverting all of the current to the section upon which 
the motor has now entered. 

Fig. 8 shows another arrangement by which a motor is 
enabled to pass from one section to another without inter- 
rupting the circuit. In this arrangement the ends of the 
sections while mechanically continuous are electrically dis- 
connected but do not lap as before. The break in the wires 
connected with the switch actuating device is longer than 
that between the other two wires. The larger gap, however, 
is lapped by a subsidiary conductor, which short-circuits the 
switch actuating the section the motor is about to enter, as 
shown. As the car proceeds from left to right, before both 
its trolleys have passed off the section, one of its trolleys has 
embraced the subsidiary conductor and the electromagnet 
controlling that section is cut out of circuit and the switch 
drops. While the switch is dropping, however, the current 
continues to flow through the companion wire, through the 
motor to the subsidiary wire and around the switch actuat- 
ing the section it is entering. 
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oted at P and playing between the two stops, but when not 
actuated by the plungers of M kept in contact with the 
lower stop by the springs; B is the Jocal battery; W, W" are 
the trolley wires, and C is the mercury switch connecting 
adjacent sections of the feeder wire. As long as the motor 
is receiving current from the feeder, as is the case in Fig. 11, 
the current must pass through M, which, by its pull on the 
plungers, maintains the lever Z against the upper contact. 
As the trolleys pass off from a given section and the motor 
loses its current as before described, the spring S causes the 
lever to make the lower contact (Fig. 12), thus throwing the 
battery B into the circuit, W, F, C, F1, Wt. The moment 
the trolleys enter upon a new section this circuit is closed, 
the local current passes through the feeder switch magnet 
and opens the switch C,and diverts the current from the 
feeder to the section just entered. This stronger current 
actuates the lever Z, again bringing it against the upper 
contact and cutting the battery Bagain out of circuit. Since 
the battery Bis only momentarily in circuit, the cost of 
maintenance will be insignificant. 

On single track roads, where turnouts are required, the 
turnout constitutes merely an additional section to one side 
of the main line, which is skipped by the car keeping the 
main track, and taken by the other carin passing. It, like 
every other section, has its own individual controlling 
switch, and when both the main track and sidiag are oc- 
cupied by cars, their motors are arranged in series with 











DIAGRAMS ILLUSTRATING THE DETAILS OF ELECTRIC TRACTION BY SERIES METHODS. 


on the same side of the normally closed breaks, and if these 
parallel wires be continued so as to overlap those constitu- 
ting preceding and succeeding breaks, a car or other moving 
translating device muy pass from one break to another with- 
out even momentary interruption of current. In Fig. 5 the 
lower line, which I call the * feeder,” contains all of the nor- 
mally closed breaks, represented by mercury cups normally 
connected electrically by a fork dipping into them, which con- 
stitutes a double pole switch actuated by an electromagnet 
in the manner to be described. 

The upper pairs of wires, which it will be seen are merely 
the parallel extensions of the other possible path for the 
current, are in multiple with the path through the mercury 
cups. One of each of these pairs of wires, which will here- 
after be denominated sections, is connected to the feeder 
wire on one side of the mercury cups, and the other has a 
similar connection on the other side. The two wires of each 
section, normally without electrical connection with each 
other, constitate what. has been termed the “ series of breaks 
normally open.” If, however, these two wires be connected 
electrically through the terminals of a motor, the latter will 
be in multiple with the mercury cups and momentarily re- 
ceive only the current due to the relative conductivity of 
the path thus offered. By the arrangement shown in Fig. 
5 the electromagnet which opens the mercury cup switch 
is in series with the motor circuit, and the latter no sooner 
receives current than the former is actuated, the switch 
is opened, and the whole of the current which was mo- 
mentarily divided between the two branches is diverted to 
the motor, 

if the corresponding wires of the succeeding sections be 
caused to overlap without making electrical connection with 
each other, and these laps be staggered as shown, a means 
is provided whereby the motor prepares the succeeding sec- 
tion for occupancy before wholly passing out of the one it is 
about to leave, and accomplishes this without interruption 
to the current. Figs. 6 and 7 show how this is done, and 
the arrows show the paths taken by the current as the 
transition takes place. When the motor is in the position 
represented in Fig. 5 there is but one path for the cur- 
rent—viz., around the open switch in the feeder and through 
the electromagnet by which it is kept open, back again to 
the feeder. 

As the motor proceeds to the right, one of the terminals 
first embraces the lower lap, thus offering two paths for the 


Fig. 8 represents a branched or forked road operated by a 
single dynamo. In the arrangement shown in Fig. 8, where 
the branch road is operated by the return circuit, a car turn- 
ing to the left would really skip from the first section of the 
road to the very last, if we count them in the order in which 
they receive current, whereas in going straight ahead it 
would pass from section 1 to section 2, etc., counting them in 
the same order, In Fig. 9, however, which represents a 
similar road operated by the loop system, a car taking the 
left hand branch would pass from section 1 to sections 2 and 
3, whereas if it went straight ahead it would pass from sec- 
tion 1 to sections 4and 5, It will be apparent from what has 
preceded that in neither of these cases does the skipping of 
one or many sections involve an opening of the circuit. 

But, returning to Fig. 8, and fcllowing the car still further 
in its progress from left to right. We left it standing with 
one trolley on the further wire and the other on the subsid- 
iary or short-circuiting conductor. In this position the cur- 
rent will continue to pass through the motor only so long as 
the switch actuating that section requires to fall into the 
mercury cups. Immediately that has occurred, which will 
be accomplished before the further trolley has passed trom 
its wire, the motor will have been short-circuited and the 
car will, by its acquired momentum, pass from the system 
without sparking or other disturbance of the circuit. If the 
acquired momentum should carry the car to another section 
of the same system, or to a section connected with an entire- 
ly separate system, all that is necessary to enable it to pro- 
ceed would be some arrangement by which the switch con- 
trolling the section upon which it was enteriug could be 
opened by the entrance of the car itself. It will be evident 
from Fig. 10, which represents two connecting roads oper- 
ated by separate dynamos, that it matters not as far as the 
integrity of either circuit is concerned, whether the car goes 
to the left or to the right; in either case the circuit is closed 
before it leaves a section, and as it enters the succeeding 
section it does so before opening the switch which actuates 
that section, and it is entirely immaterial whether that 
section belongs to the same system as the one just 
left, or to one entirely foreign to it. If only the proper 
switch can be opened the car may proceed on its way on 
either system of roads. In order to accomplish this 
automatically, each car may be provided with some such 
an arrangement as is shown in Figs. 1l and 12. Misa 
solenoid magnet in series with the motor D; Lis a lever piv- 


each other, as represented in Fig. 13. By following the ar- 
rows the course of the current can readily be understood. 

But both of the plans thus far discussed possess serious 
faults. In both we have provided a means by which a car 
may leave one section ona given road and enter another 
one on the same or another road without breaking the main 
circuit, provided the car is alwavs going in the same direc- 
tion. In all of the cuts thus far, the car is supposed to be 
going from left toright, and the switches are arranged ac- 
cordingly ; but, if we examine the drawings again, it will be 
found that in the plan suggested in Figs. 5, 6 and7 if the 
car were going in the opposite direction, the circuit would 
be momentarily broken as it left one section and would fail 
to divert the current to the section it was entering. In the 
second plan, outlined in Figs. 8, 9, 10 and 13, the car is mo 
mentarily without current whenever it passes from one sec- 
tion to another. 

By combining the two plans, however, all of the difticul- 
ties seem to be removed. Figs. 14 and 15 show how this 
combination is effected, and the courses of the current when 
the motor terminals are in different positions on the wire. It 
will be noticed that, as in the first plan described, the trolley 
wires of adjacent sections are lapped, and that these laps are 
staggered; that parallel to, but insulated from, the nearer 
laps, is placed the subsidiary wire which short-circuits 
the switch to the right. The switch-controlling magnet, as 
is shown, has two coils wound cumulatively, and may be 
operated either by the current passing through the subsidiary 
wire, by that passing through the nearer trolley wire, or by 
both when it takes both paths. 

The supplemental conductors and the laps in the trolley 
wires are so arranged relatively to each other that when a 
car is traveling in the direction of the main current, as the 
trolleys approach a lap, the trolley traveling upon the wire 
connected with the switch will contact with the supplemen- 
tal conductor before reaching the lapping portion of the 
trolley wires, and the companion trolley wil! reach its lap 
after the first trolley has reached its lap and before it has 
passed beyond the supplemental conductor, while, with .a 
car traveling in the opposite direction, the order will be re- 
versed, the trolley upon the wire not connected with the 
switch first reaching its lap, after which its companion 
trolley reaches first its lap and afterward the supplemental 
conductor. By this arrangement, in whichever direction 
the car may be going, in passing from one section to another, 
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it first short-circuits the switch controlling the section it is 
about to enter, next diverts a portion of that current to that 
switch, and finally ail of it, cutting the switch controlling 
the section it has just left entirely out of circuit. In this 
manner the transition is accomplished in either direction 
from one section to another, either of the same or another 
connecting road, without spark or interruption of circuit. 

Sbould either one or both trolleys leave the wires or the 
circuit through the motor in any other way become broken, 
the magnet controlling the switch to that section would be 
left without current and the forks would immediately drop 
into the mercury cups renewing the circuit through the 
feeder wire almost instantaneously. There would, however, 
be an interruption of the current while the fork was drop- 
ping. Even this slight interruption may readily be avoided 
by connecting with the switch any of the devices so success- 
fully employed to obviate the same difficulty in arc light cir- 
cuits. 

Should a second car run upon a section already occupied, 
the two would be thrown in parallel and both would stop. 
This arrangement therefore constitutes a most perfect auto- 
matic block system, not dependent upon frail human nature, 
but sure and positive in its action. On interurban electric 
roads, where it is even now proposed to reach greater speeds 
than are customary or attainable with steam locomotives, 
the importance of this feature cannot be overestimated. Not 
only will collisions be rendered practically impossible, but 
by putting semaphores or other signaling devices in the 
wires, connecting the main feeder with the two trolley wires, 
each car as it enters a section will automatically set a signal 
at each end of that section showing that the section is occu- 
pied, and when it has left the section, set another, indicating 
that the way is clear. These signals cannot fail to act, for 
being in series with the motor, they must receive current 
when the motor does, and lose it when the latter has passed 


out of the block. This seems to be the solution of the block . 


system, as it eliminates all the uncertainties inseparable from 
a dependence upon human intelligence and watchfulness. 
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DIAGRAMS ILLUSTRATING THE DETAILS OF ELECTRIC 
TRACTION BY SERLES MEeTHODs. 


This system will no doubt be criticised, first, on the score 
that it is a double trolley system, which many are opposed to 
on general principles, and, second, on the score of high poten- 
tials necessarily involved in series distribution to long dis- 
tances, Anticipating these, I will say in regard to the first, 
that however valid the objections may be to the double 
trolley on multiple arc roads, they have but little force as 
applied to series circuits. In the latter, since both the wires 
on all sections not occupied by cars are of the same potentia!, 
the difficulties of insulation of the one from the other dis- 
appear entirely. Then again, I am satisfied, with an inti- 
mate knowledge ofthe electric roads in Cincinnati, where 
with one exception they are double trolley multiple arc roads, 
that most of the objections raised against them are greatly 
magnified. They certainly have the decided advantage over 
the single trolley of being independent in their operation 
of the condition of the track, their chief objection being 
the difficulty of insulating the positive and negative wires 
from each other (which we have seen does not hold in series 
roads) and the multiplication of wires, crossings and switches 
where many lines converge and cross. Insuburban districts 
where these complications do not occur (and this system is 
particularly adapted to such) the double trolley multiple are 
system is in many respects superior to the single trolley. 
Mr. John Kilgour, president of the Cincinnati Street Rail- 
way Company, is justly proud of the Avondale double trolley 
road (a suburban line), and I doubt if there is a more success- 
ful road in the country than this. 

In regard to the other objection to the series method, viz., 
the high potentials, the method outlined in this paper per- 
mits the use of any number of feeders, each of which may be 
used to supply a different portion of the road, thus reducing 
the potential, which in series distribution is the variable 
quantity, in the same manner exactly that the ‘“‘drop”’ is 
obviated in parallel systems. 

Not long since there was a very animated discussion at a 
meeting of the Institute as to which was the better method 
of electric street car control—that of commutating the field, 
or the other one, of employing a rheostat. The constant 
current system simplifies matters, at least in this respect, in 
that neither commutated fields nor external resistances are 
required in regulation. 

A's to the cost of installation, the comparison is much in 
favor of the constant current method on account of the ex. 
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treme simplicity of the plant required end the smaller size 
of both motors and dynamos for the same output. But the 
economy in plant becomes most obvious where high poten- 
tials are used, and these are always necessary where long 
distances are concerned, 
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DIAGRAMS ILLUSTRATING THE DETAILS OF ELECTRIC 
TRACTION BY SERIES METHODS, 


But important as are the economies in installation and in 
transmission of large energies to long distances, there is an- 
other that greatly outweighs them, viz., the economy in op- 
erating expenses. In this respect the series method is aimost 
an ideal one. In the parallel or multiple are method, when 
a car is going downhill or is being checked, the whole of its 


mv 
— is absolutely thrown away in the application of the me- 


chanical brake. Not so with the series system. The mechan- 
ical brake need never be used except in the case of an emer- 
gency. By merely reversing the position of the brushes, the 
motor becomes, for the time being, a dynamo in series with 
the one at the power station, driven by gravity or the ac- 
quired momentum of the car, and the energy thus absorbed, 
while checking thecar or bringing it to astandstill, is thrown 
onto the line for use elsewhere. One of the arguments used 
in favor of the cable road is that a car descending a grade 
assists another one which is ascending. If this be an argu- 
ment where at least 75 per cent. of the engine power is con- 
sumed in dragging the cable alone, how much more valid 
should it be if the same thing could be accomplished where 
there was no cable to drag. Such, in fact, is the case with 
the series method. A descending car or one being checked 
assists another car that is ascending a grade or being started 
from rest, just as truly asit would if the two were connected 
hy cable, ana the energy thus thrown onto the line continues 
to contribute to the economy of the system tothe last turn 
of the wheels. This is not mere theory. Professor Short 
demonstrated its actuality on the South Broadway line in 
St. Louis by disconnecting the circuit entirely from the dy- 
namo, and causing one car to partly ascend a grade on one 
part of the line by electrically braking a descending car on 
another part of the line. 

The importance of utilizing electrical brake power, which 
is impracticable in the parallel system, is emphasized by 
some experiments on the Third Avenue Elevated R. R., New 
York, instituted by Mr, Frank J. Sprague, to determine in 
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what manner the power generated was utilized. The re- 
sult of these was that 83 per cent. of all the power utilized 
was consumed in overcoming gravity and the inertia of 
trains, and oaly 17 per cent, was actually consumed in trac 
tion. 
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A New Flush Switch. 





The new 10-ampére flush switch, illustrated herewith, 
is manufactured by the Interior Conduit and Insulation 
Company of New York, at the suggestion of a prominent 
architect, and is said to have received high indorsement 
from the electrical trade. The accompanying illustration 
shows the features of the switch. A notched cover is in- 
dented so as to allow the handle of the switch to be flush 
with the wali on which it is placed, and a brass rim ex- 
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tends around the edge so as to protect the wall from soiled 
hands when unscrewing the cover, and this at the same 
time serves to impart a finish to the switch when placed in 
position. The switch is of interest to architects and others 
interested in rendering the various appliances used in con- 
junction with incandescent electric lighting ornamental 
and unobtrusive, as well as useful. 
Or > 1 


A New Die Slotter. 





A die slotter, manufactured by the Garvin Machine Com- 
pany, New York, is here shown in perspective and section. 
For manufacturers and others making numbers of punches 
and dies there is undoubtedly an advantage in using a slot- 
ter. 

This machine appears to combine the special features de- 
sired in a tool of this kind. The two cross motions and the 
rotary table provide for following any outline, and the 
arrangement of handles is convenient and avoids mistak- 
ing one for the other. The handle for the rotary table has 
provision for using dials for dividing purposes, which is 
convenient for various kinds of -work. For small 
numbers of divisions and for rapid work the worm- 
shaft can be pulled out, and a lock pin arrangement used 
for indexing the table, the handle for which is shown at 
the left hand side. The handle for raising and lowering 
the knee is conveniently placed on the side of the knee. 
The stroke of the machine, after due consideration, has 
been fixed at 24 inches, which is more than sufficient for 
the class of work intended, and affords a more solid 
arrangement than the usual adjustable pin. The 
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work can be brought into’ proper relation to 
the stroke by raising the knee, and for thin work, since 
the cutting is done at the last or slowest part of the stroke, 
the number of strokes can be increased by means of the 
cone pulley, which thus fully compensates for any surplus 
stroke. To give the required draft to the die, the slide for 
the ram can be swiveled either way, and set by the gradu- 
ated index, and with this arrangement the draft is 
the same in every part of the die. The tool block is well 
adapted to hold special touls. 

The tool is cleared on the return stroke by cam arrange- 
ment. The tool block swivels on a centre near the lower 
edge, and at the upper end, carried in a yoke, are two hard- 
ened plugs which bear on a cam, which is bushed in to the 
lower end of the connecting rod and derives a partial 
rotary movement from the action of the rod, and by 
this motion locks the tool block. Asan instance of what car 
be done on the machine, a type-writer key 10 inches long, 
and #, inch wide at the narrowest part, was machine finished — 
in six hours. A die for armature rings, 5 inches diameter, 
with 36 notches } inch wide and } inch deep was done in 
two hours, 
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The Little Diamond Fan Motor. 


The Little Diamond Fan Motor, shown in the accompany- 
ing illustration, is manufactured by Clark & Marshall, 413 
The Rookery, Chicago, The motor presents an attractive 
appearance and is well made, It hasaring armature which 
gives good ventilation and minimum £ resistance, thus in- 
suring against dangerous heating. It runs smoothly with 
no sparking at the commutator. The bearings have plenty 
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of surface and are self-oiling. The motor is designed for 
two speeds, 800 and 2,000 revolutions per minute. It can 
be put in operation by merely attaching it to the socket by 
the plug. The fan is made of polished brass and is twelve 
inches in diameter. 
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Railway Current Controller. 


In the operation of electric railroads not the least point 
for consideration is that of facility and rapidity of control 
of the electric power generators. Until recently the large 
switchboard has been employed, necessitating extremé 
agility on the part of the electrician in charge to bring the 
output of his generators to the desired point, but this plan 
has been found not only cumbersome but expensive. In 
order to secure a thorough, effective and rapid control of 
the generators in an electric railway station, a new device 
has been gotten up known as the Railway Controlling 
Table. On this are mounted all the regulating and indi- 
cating apparatus in the most compact and convenient 
manner possible. The framework is of strong bar iron. 
The lower part of the front of the table and the two ends 
are of sheet iron ornainented with a molding in relief. 
The table top, upper part of the front and the upright 


soft iron. This needle is polarized, it being pivoted within 
a piece of steel previously magnetized. If the voltage of 
the current from the generator ready to switch into the 
circuit is too high or too low, the deflection of the needle 
indicates the fact, so that the field regulator can be adjusted 
until the voltage is correct, when the needle presents no 
deflection. 

With this controlling table in the station, the electrician 
has no difficulty in swiftly regulating his output of current 
to meet the varying conditions under which the road may 
be working. With one hand on the snap switch handle and 
the other on the wheel of the field regulator an almost 
simultaneous movement is possible, and control is thus 
immediate. The table shown was intended for four gener- 
ators and was designed and constructed by the Edison 


General Electric Company. 
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A New Two-Wire Cleat. 








The accompanying illustration represents the Security 
cleat which the Security Insulated Company, of 136 Liberty 
street, New York, is placing on the market in connection 





Two-WIRE CLEA’. 
with its well known insulator. This cleat is for two wires, 
and is strong, serviceable and cheap, besides being neat in 
appearance. Both front and back views are given. As can 
be readily seen the cleat will hold any of the usual sizes of 
wire without injury to the insulation. It is made of the 
best vitrified porcelain, either glazed or unglazed, as may 


be preferred. 
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A Large Electric Locomotive. 
According to the Elektrotechnischer Anzeiger, MM. 
Brown and Boveri, of Baden, are about to build a locomo- 
tive which will be one of the most powerful in the world, 





RAILWAY CONTROLLING TABLE. 


back piece are, in the table illustrated, of polished Tennes- 
see marble, but the more frequent custom is to have these 
pieces made of polished or plain slate. In front are the 
dynamo field regulators operated by wheel handles and 
pumbered in reference to the machines they control. On 
the table are mounted the cross-bar snap switches—a new 
style of switch recently designed—the dynamo fuse blocks 
and the equalizing bar switches, one of each for each 
dynamo, a voltmeter of the Weston type and a voltmeter 
switch of the regulation pattern. 

On the upright back piece are the ampére meters and the 
galvanometer. The ampére meters are of the standard Ed- 
ison type. The galvanometer shows when the voltage of 
the current of one of the generators about to be switched 
into circuit is the same as that of the other machines al- 
‘ready supplying the circuit. It consists of two coils ar- 
ranged one on either side of a pivoted indicating needle of 


and quite the most powerful of those driven by electricity. 
1t is wo be provided with motors of a total horse power of 
1,500, which can be raised to 2,00 h. p. One motor is 
placed directly on each of the eight axles, and the locomo- 
tive is designed for a speed as high as that ordinarily used 
on steam locomotives. It is expected that it will be ready 
to be tested by the end of the present summer. 


_— Oo Soo ee 


Weighing the Ampere. 





The English Board of Trade experts are engaged in deter- 
mining the exact weight corresponding to the attractive 
force of an anpére under certain definite, fixed conditions, 
with the idea of defining a standard by this attractive force, 
to be called the legal unit. It is stated that their results 
are well within the limits of the desired accuracy, and that 
they will be published before Jong. 


Vou. XTX., No, 25. 
The Senior Sight Feed Lubricator. 





The accompanying illustration represents the improved 
Senior sight feed lubricator manufactured by the Lunken- 
heimer Brass Manufacturing Company, of Cincinnati, O. 
The more important parts are lettered as follows: B is the 
oil reservoir; C’, upper valve; EZ, filling plug; F, drain valve; 
H, union to connect condenser pipe and valve; K, discharge 
valve; L, valve for regulating the flow of oil; N, indicator 
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glass; P, sight feed glass and valve to drain and blow out 
sight feed glass. This lubricator is simple and practical in 
constructicn. There is no condensing bulb to freeze and 
burst. The plugs, S, facilitate the replacing and cleansing 
of the glasses. The shanks on the one-third and one-half 
pint sizes are threaded for three-eighth pipe, and can easily 
be attached to small pipes. It is made in eight sizes, from 
one-half pint to one gallon capacity, and finished in either 
brass or nickel. 
nO Oe 
A New Lightning Arrester. 





The quadruplex lightning arrester, manufactured by the 
Utica. Electrical Manufacturing and Supply Company, of 
Utica, N. Y., is represented in the accompanying cut. It 
is similar in construction to the simplex and duplex arrest- 
ers of the same company, and is designed for street rail- 
way, light and power plants. Four lightning discharges 
can pass through this arrester before it requires any atten- 
tion, and the only damage done is the melting of a fuse 
wire, which can be easily replaced. The contacts are made 
of bronze metal and very heavy, mounted on slate and in- 
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QUADRUPLEX LIGHTNING ARRESTER. 


closed in a watertight iron case, the case being provided 
with porcelain bushings for the entrance of wires. As 
there are no magnets used in this arrester, it is adapted for 
either alternating or direct currents of any voltage. 
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The Dewey Electric Railway System. 





BY W. S. HAYS. 

I have read with interest the article on ‘*Dewey’s Induc- 
tion System ” in a late issue, and without any desire to de- 
tract from the credit due Mr. Dewey will say that a series 
of experiments were carried on by me on the same line in 
1889, but owing to various reasons they were dropped. 

My experiments lead ine to believe that this will prove a 
solution of the overhead wire problem and the ideal of 
electric car propulsion, 
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Financial Intelligence. 


THE ELECTRICAL STOCK MARKET, 


New York, June 11, 1892. 

The general market cannot be called either bull or bear at 
present, but is decidedly mixed. and subject to the ever varying 
influences which easily change its character. A combination of 
foreign and home indisposition on the part of the public, political 
agitation, and the uncertainties of the crop situation are successful 
in narrowing the market down to a rut of dullness and profes- 
sionalism indigenous to this season of the year. The leaders in the 
market are looking for and predicting, from what they consider 
ominous signs, some changes that will give a pronounced tendency 
toward a season of activity, but when or what doth not yet appear. 
Toward the end of the week the demand for call money was better. 
and speculation a little more brisk. The clearing house rate and 
rates to borrowers stiffened by one-half to one per cent., but this 
may still prove only temporary, to give way once more to the easy 
conditions that have prevailed for so long. First class securities, 
with hardly an exception, show advances, some of which were 
quite marked. 


The Electric Stocks have passed a very quiet week in New 
York and Boston, maintaining throughout astrong and healthy con- 
dition, in contrast to most of the stocks on the list. Westinghouse 
stock has had very few sales at o!d prices. The contract for the 
World’s Fair was evidently discounted, for it has had no influence 
upon the stock. The company was fortunate in securing a reduc- 
tion in the amount of the bond, from $1,000,000 to $500,000. Recent 
contracts secured by the company show that it is a very successful 
bidder for cash business, especially in railway work. In New York 
Westinghouse Electric and Manufacturing Ist preferred 7 per cent. 
cumulative received a bid at 934, and was held at 95. ‘Ihe E. & 
M. securities received one sale June 8, at 58. There was scarcely 
any inquiry as to the remainder of the list. Thomson-Houston and 
Edison have both been strong and moderately active at good prices. 
Certificates of the General Electric Company are being signed, and 
will very soon be ready for exchange for the trust receipts of 
Tbomson-Houston and Edison stocks. The General Electric rights 
sold down to 10 cents, the majority of them, however, bringing 
from 10 cents to 30 cents. The success of the first Fort Wayne series 
is evident from the second dividend of 16 cents, payable July 1. 
Commercial Cable has been exceedingly strong at $155 bid and $158 
asked. This is the level which it has maintained for several weeks. 


Western Union.—As predicted in our last week’s report, this 
company declared a quarterly dividend of 14% per cent. The finan- 
cial statement issued in connection therewith shows a net balance 
of $249,960 for the quarter ending June 30, and for the year ending 
same date $834,035. The stock, that has been actively traded in, 
opening the week at 954 with very bullish tendencies in anticipa- 
tion of a dividend. After it was declared it sold off, on active 
realization sales, to 933 to 9434. There was some trading in the 
bonded securities of the company, the debentures selling on Tues- 
day at 115 and the sinking funds on Thursday at 10614. The fiscal 
year of the company ends with this quarter and the yearly state- 
ment shows a surplus of $2,098,798 after the payment of five per 
cent. dividends on the stock. It is regarded as certain that in 
September the directors will either increase the dividend to six per 
cent. or declare a stock dividend, thereby increasing the capital 
stock to $100,000,000. Its earnings for the next half year should be 
far in advance of the usual amount, due to politics and the Colum- 
bian Exposition. The continued extension of long distance tele- 
phone circuits will also come in for a large share of the business 
which has necessarily heretofore fallen to the Western Union com 
pany. Telegraph stock at 95 nets 54 per cent., while Bell Telegraph 
nets 834 per cent. on the present market price. 


Bell Telephone Stock experienced a sudden and severe fiuc- 
tuation upon the announcement of a new dividend, because it was 
less than had been expected. The regular $3 quarterly dividend 
was declared and an extra dividend of $3 per share. Heretofore 
the extra dividend in June has always been $6, which together with 
the four regular dividends made $18 for the year. Previous to the 
announcement, the stock was selling at 210 andin just an hour de. 
clined on very small sales to 197, reacting five points later. Of 
course the street could not stop to consider the real cause for the 
decrease in dividend, and the sudden depression was a natural con- 
sequence. The explanation is not difficult, and the reason for the 
action of the directors is patent. Thecompany issaid to have suf- 
ficient funds to have paid the extra $6 dividend; but since it is in- 
tended to issue more new stock very soon, it is manifestly more 
equitable to all concerned to defer one-half of the dividend until 
January, so that all the new stock will participate in it, which 
would not be the case if the usual rule were followed at present. 
There were as many theories as brokers, some thinking that the 
nearness of the date for the expiration of the patents rendered it 
undesirable to continue the 18 per cent. dividend; others, that the 
company was no longer earning that amount. The latter, however, 
is hardly credible, for all reports of the company’s business give 
evidence of an increase rather than any decrease in net returns of 
the business. There is talk in Boston tothe effect that the com- 
pany has foreseen reason for keeping its surplus large and its 
financial position very strong for the year to come. Some say that 
it has something to do with the expected litigation over questions 
involved in the validity of certain European patents which are 
about to expire, and which is very imvortant to have in continu- 
ance in the United States. Another rumor and one which was 
started last winter at the time that the Associated Press had its 
falling out with the Western Union is to the effect that the first 
mentioned organization is figuring with the Bell people for the use 
of its medium of communication to the exclusion of the Western 
Union. The very bullish attitudes of Western Union insiders just 
at this time hardly give color to this report. 


Central and South American Cable.—We hear upon good 

authority that this company has about decided to duplicate its line 
from Lima, Peru, to Salina Cruz, Mexico. It has not yet decided 
how to raise the necessary funds, which they expect will be in the 
neighborhood of $1,000,000, but presumably will do so by means of 
bond issue. The officers of the company inform us that there will 
be no increase in the July dividend, reports to the contrary not- 
withstanding, it being the policy of the company to gradually in- 
crease the reserve fund from its earnings. It has enjoyed a very 
prosperous year, owing to the rapid developments of South Ameri- 
can commercial enterprises and the Chilian controversy. Its 
earnings in consequence show a heavy increase over those of the 
previous years. 


North American.—This company will hold its annual meeting 
next Wednesday at Newark. It is understood on good authority 
that there is a reticence on the part of shareholders in sending their 
proxies, and that a good deal of stock will be represented at the 
meeting by parties other than the company’s officials. In making 
& second bid for these proxies an official letter concludes as follows: 
“‘A comprehensive report is in course of preparation and will be 
submitted at the annual meeting, and will also be forwarded to 
each stockholder.” This is good news to security holders, inas- 
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much as the last complete report was issued in 1890; since then 
little or nothing has been known about the affairs of the company. 
The stock was exceedingly active during the week around 14% and 
15. It issaid that certain large bears have been instrumental in 
advancing the price in order to unload, while a second rumor is to 
the effect that the advance is bona fide upon the belief that new 
people are going into the management, and that new arrangements 
will be made with electrical interests. 


Annual Reports.—The American Bell Telephone Company, 
of Boston, has filed the following annual report through its treas- 
urer, Wm. R. Driver: Capital paid in, $15,000,000. Assets—Real 
estate, $933,130; machinery, $4,131; cash and debts receivable, 
$3,848,735; manufactures and merchandise, $983,870; miscellaneous, 
$33,180,409; total, $38,950,277. Liabilities—Capital stock, $15,000,000; 
debts, $2,848,908; reserves, $21,101,368; total, $38,950,277. The Read- 
ing Electric Light and Power Company, of Reading, Mass., filed its 
last annual statement through the treasurer, Lewis M. Bancroft. 
Fixed capital, $25,000; capital paid in, $12,100. Assets—Land and 
water power, $31,766; machinery, $7,697; cash and debts receivable, 
$1,875; total, $41,248. Liabilities—Capital stock, $12,100; debts, 
$28,011; profit and loss, $1,137; total, $41,248. Taunton Electric 
Lighting Company, of Taunton, Mass, filed its last annual state- 
ment through the treasurer, Thomas Paige. Capital paid in, $50,000. 
Assets—Land and water power, $1,500; buildings, $6,000; machinery, 
$12,000; cash and debts receivable, $3,200; miscellaneous, $29,800; 
total, $52;500. Liabilities—Capital stock, $40,000; debts, $12,500. 
total, $52,500. 


Dividends.—The directors of the Commercial Cable Company 
have declared a quarterly divided of 134 per cent., payable July 1, 
to stock of record June 20. 


The Copper Market.—The copper market was quiet. Almost 
the entire lake production is going on contracts which extend 
through the month of June. The buying for July and August 
account has not yet set in. Preparatory to this movement, brokers 
and consumers made an attempt to lower the market by offering 
small“lots below 12 cents. It had only a slight tendency to 
lower quotations, as the demand for new tonnage is so exceedingly 
light. Producers fully understand the situation, and are holding 
firm at 12 to 1244 cents. The strike in the Osceola mine which oc- 
curred last week, and which foratime threatened to extend to 
other lake mines, seems to have quieted. Fora time sales agents 
in this city were very bearish on the possibility of a spread, and 
were not inclined to take contracts at any figures offered. This 
feeling, however, has since been dissipated. 


Closing Quotations.—The following were the closing quota- 
tions of electric stocks on Saturday, June 11, 1892, in New York 
and Boston : k 


NEW YORK QUOTATIONS. 


Capital- 
Name of Stock. Par. ization. Bid. Ask’d. 
American Telegraph and Cable... ...... 100 14,000,L00 84% 8616 
Western Union Telegraph Co....... --- 100 86,200,000 94 941o 






Commercial Cable Co 
Edison Electric a 
indison illuminating Co., of } 


7,716,000 155 158 
15,000,000 wa 
4,500,000 8634 


Brooklyn.... 100 750,000 
. oe “i *  Chicago..... 100 750,000 a - 
. &, SON gsc cncvssvunnsns 100 =: 1,250,000 = 30 35 
Edison Elec. Light Co. (of Europe) stock 100 2,000,000 26 5 
Edison Elec. Light Co. (of Europe)bonds sh 30,000 65 75% 
Ore Milieg Oo . *.... « + see- 100 2,000,000 15 20 
- Toy Phonograph Mfg. Co ... 10 1,000,000 1% 
Brush Illuminating Co., of New York.. 50 1,000,000 40 50 
Mt. Morris Electric Light Co............ - 500,000 20 40 
East River Electric Light Co............ 100 ~—: 1,000,000 cea, 
North American = eangeepn SF 335 wae eels 6,600,000 5 8 
New York Phonograph Co... ........+ «+. 2,000,000 3 4 
Automatic Exhibition Co................ ... 2,000,000 3 6 
New England Phonograph Co........... ...- 2,000,000 134 2% 
BOSTON QUOTATIONS. 
Capital- High- Low- 
Par. ization. est. est. Bid. Ask’d. 
Thomson-Houston Elec.... 25 6,000,000 66 654 6534 
Thomson Houston’ Elec. 
WNL sw chtentecesene 25 4,000,000 29% 27% 2% @ 
Thomson-Houston Elec.— 
er oe 40,000 8% 834 9 
Thomson-Houston Elec.— 
EP ER ee CPE CP sh 120,000 734 - 7% 7% 
Thomson-Houston Int’n’al 
MN Ga Jas dasa cottons aes 100 600,000 a a 245 
Thomson-Houston Int’n’al 
pO ee eae 100 400,000 See axed 103 105 
Thomson Elec. Weld.. ... 100 1,000,000 Side. baer 45 50 
Thomson European Elec. 
RRP a pig 100 ~—- 1,500,000 10 amas 10 
Westinghouse Elec.—New . 
i” IREOS SUS Fp es 6,000,000 2936 .... 294% 30 
Westinghouse Elec.—Pfd. .. 4,000,000 17144 46% 416% 48 
Fort Wayne Elec.......... 25 4,000,000 1234 12% 12% 12% 


FortWayne Elec.—Ser. A. sh 80,000 74% 736 7% 7% 
eee SO eae 10 =: 1,000,000 84 7% 74 7% 
West End St. Ry. Co.— 


Com dvesehiephtnnah 50 7,150,000 754 75 754 755% 
West End St. Ry.Co.—Pfd 50 6,400,000 8954 .... aha gees 
American Bell Tel ....... 100 15,000,000 2104 197 203 203% 
Erie Tel. & Tel. Co........ .. 4,800,000 46 434% 45 45 
Mexican Tel. Co........... 10 1,280,000... .--- 1.02% 1.10 
New Eng. Tel. & Tel. Co.. ©... 10,304,60) 56 54 55 56 
Tropical Tel. Co........... 10 400,000 .... vena 20 25 





NEW INCORPORATIONS. 


The Electric Construction Company, of St. Joseph, Mo., 
capital stock $5,000, has been formed t0 deal in electric machinery. 
F.M. Atkinson, C. C. Hyatt and M. M. Crandall, of St. Joseph, are 
the incorporators. 


The O°Neil Electric Company, of Chicago, Ill, capital 
stock $5,000, has been formed to manufacture and sell electrical 
apparatus, The organizers are John D. O’Neil, William Edelstein 
and M. R. Fletcher. 


The Alleghany Hotel Company, of Goshen, Va., capital 
stock $100,000, has been formed to erect electric light plants, electric 
railways, etc. C. W. Mayer, W. A. Anderson, J. R. A. Hobson 
and S. M. Taylor are the promoters. 


The Lacon Electric Company, of Lacon, I1I., capital stock 
$16,000, has been formed to construct, maintain and operate an 
electric light and power plant. I. 8S. Baldridge, C. C. Travis and 
Annie J. Travis are the incorporators. 

The Hamilton Electric Light and Power Company, of 
Hamilton, Wash., capital stock $30,000, has been formed to main 
tain and operate an electric light station. J. L. Warner, H. R. 
Berdt and G. B. McDowell, of Hamilton, Wash., are the incorpora- 
tors. 


The Forest City Electric Light, Heat and Power Com- 
pany, of Forest City, Pa., capital stock $1,000, has been formed to 
supply light, heat and power by electricity. John McLaughlin, W. 
H. Leek and H. O, Purple, of Forest City, Pa., are the incorpo- 
rators. 

The American Electric Heating Company, of Portland, 
Me., capital stock $1,000,000, has been formed to manufacture and 
deal in all kinds of electrical heating apparatus. Edward Jewell, 
Fred. A. Cuok and Samuel B. Jenkins, all of Boston, Mass., are the 
organizers. 
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The Suffolk Electric Company, of Portland, Me., capital 
stock $300,000, has been formed to manufacture and deal in electrical 
appliances of all kinds. Albert N. Reynolds, Albert W. Rounds, 
both of Boston, and Henry W. Boyd, of Wareham, Mass., are the 
incorporators. 


The Delaware Company, of Philadelphia, Pa,, capital stock 
$51,000, has been formed to construct and operate an electric rail- 
way from Darby and Chester, Delaware County. Edward W. Pat- 
ton, J. Lee Patton and Samuel Crothers, of Philadelphia, Pa., are 
the incorporators. 


New Kensington Street Railway Company, of Pitts- 
burgh, Pa., capital stock $15,000, has been formed to construct and 
operate an electric railway in Westmoreland county. .8. E. Moore, 
James P. Anderson and Howard Childs, all of Pittsburgh, Pa., are 
the incorporators. 


The Columbia and Marietta Electric Railway Com- 
pany, of Columbia, Pa., capital stock $50,000, has been formed to 
operate an electric railroad in that town. J. K. Sigfried, Potts- 
ville, Pa,; Robert T. Ryan and James A. Ryan, both of Columbia, 
are the organizers. 


The People’s Electric Light and Power Company, of 
Benton Harbor, Mich., capital stock $100,000, has been formed to 
purchase and sell electricity for light and power. Peter English, 
John Beli, Benton Harbor, Mich., and Willard W. McDonald, Chi- 
cago, Ill., are the incorporators. 


The New England Electric Heating Company, of 
Portiand, Me., capital stock $250,000, has been formed to manufac- 
ture and deal in electrical heating apparatus of all kinds. Edward 
Jewell, Boston, Mass.; Arthur B. Smith, and Levi L. Parsons, of 
Saugus, Mass., are the incorporators. 


The Electric Railway Supply Company, of Chicago, 
Ill., capital stock $200,000, bas been formed to manufacture and 
sell truck wheels and appliances for electric railways, and equip- 
ment specialties and power plants. George H. Graham, Francis L. 
Graham and Thomas Clarke are the organizers. 


The El Paso Electric Company, of El Paco, Tex., capital 
stock $100,0C0, bas been started to operate by means of electric 
power street railways, and supply light and motive power. George 
Davis, J. N. Carnes, of Charleston, W. Va.; E. B. Bronson and 
Peyton F. Edwards, of El Paco, are the organizers. 


The Citizens’ Passenger Railway Company, of Will- 
iamsport, Pa., witha capital stock of $13,500, has been formed 
to construct and operate an electric railway in the town of Will- 
liamsport. Jas. B. Krause, W. W. Champion and A. M. Champion, 
all of Williamsport, Pa., are the parties interested. 


The Portiand Consolidated Street Railway Company, 
of Portland, Ore., capital stock $1,000,000, has been formed to oper- 
ate street railways and propel cars used thereon by electric or other 
power. The promoters are Geo. B. Markle, James Steel, R, L. Dur- 
ham, D. F. Sherman and E. McNeil, all of Portland. 


The Shickshinny and Huntington Valley Railway 
Company, of Huntington Mills, Pa., capital stock $60,000, has 
been formed to operate an electric railway in Luzerne. E. A. B. 
Koons, Huntington Mills, Pa.; R. M. Tubbs, Shickshinny, Pa., 
and C, R. Eberle, Philadelphia, Pa., are the promoters. 


The Hopedale Electric Company (incorporated in West 
Virginia), of Boston, Mass., capital stock $5,000,000, has been formed 
to manufacture and sell electric batteries, dynamos, motors, 
etc. E. H. Abbott, Cambridge, Mass.; W. F. Draper, Hopedale, 
Mass., and Moses Williams, of Brookline, Mass., are the organizers. 


The Brighton & Bensonhurst Electric Railway 
Company has been incorporated to succeed the Sea Beach & 
Brighton Railway Company. The directors are H. W. Slocum, 
William Marshall, Wm. N. Dykeman, Denis W. Sullivan, George 
Hoffman, Wyckoff Vanderhoef, G. 8. Jewell, of Brooklyn, and H. 
W. Slocum, Jr., and Jas. C. Bergen, of New York. 


AFFAIRS OF THE COMPANIES. 
Farmington, Mass.—The Farmington Electric Light and 
Power Company has been taken on a mortgage by the Edison Gen- 


eral Electric Company, and Mr, Eugene F. Carpenter has become 
manager of the station. 


Richmond, Va.—The stockholders of the Johnston Safe Auto. 
matic Electric Disconnection Company held its annual meeting on 
June 3d. All the old directors were re-elected. The affairs of the 
company are reported to be in a satisfactory condition. 


New York.—A judgment for $2,108 has been entered against th 
Gibson Electric Company, of 74 Cortlandt street, in favor of Henry 
D. Donnelly, on promissory notes and for services as counsel. The 
company was incorporated on Feb. 5, 1886, to manufacture storage 
batteries. Its factory at Chatham, N. Y., was destroyed by fire 
last Fall. 


Mr. J.P. Altenberg has succeeded in connection with Cincin- 
nati and Louisville bankers and brokersin reorganizing the Citizens’ 
Electric Light and Power Company, of Louisville, Ky., on a half 
million dollar basis. The company now has 3,0)0 Thomson-Houston 
lights in operation. Arrangements have been made to rebuild the 
plant ona new site, the new site to have a capacity of 7,500 in- 
candescent and 200 arc lights and 250 bh. p. for supplying motors. 


The Edison General Electric Company bas issued the fol- 
lowing letter dated May 31, and signed by Chas. D. Shain, dis- 
trict manager: “Owing to the fact that our company will open new 
books as of June 1, we have to request that you make settlement of 
your account up to that date, independent of subsequent trans- 
actions. You are also requested to remit at the earliest possible date, 
in settlementof account to June 1, and thus avoid any possible con- 
fusion thereafter.”’ 








~ Special Correspondence, 
NEW YORK NOTES, 


Orricr OF THE ELECTRICAL WORLD, \ 
167-176 TIMES BUILDING, NEW YORK, June 13, 1892. 

Mr. E. HM. Cutler, of the Elektron Manufacturing Company, 
of Springfield, made a trip to New York last week. 

Mr. W. H. MeKinlock, of the Central Electric Company, of 
Chicago, made THe ELECTRICAL WORLD a pleasant call last week. 

Mr. J. D. Bishop, who wasrecently electrical expert to 
Messrs. Jobn A. Roebling’s Sons’ Company, Las joined the staff of 
the Safety Insulated Wire Company, of 234 West Twenty-ninth 
street, New York City. 

Mr. H. HM. Brooks, the efficient general manager of the 
American Circular Loom Company, of Boston, was in New York 
this week consulting with Messrs. Doubleday, Mitchell & Co., the 
agents of his company. 

Mr. Kdwin BR. Weeks, of Kansas City, was in New York on 
Monday, and left the same evening for Boston. Mr. Weeks is a 
busy man and his visits East are always too brief and too far 
apart, for he has many friends in this section. 
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The Mather Electric Company, which has received the 
contract for lighting the Mechanics’ Fair Building. Boston, has 
placed an order with the Electric Construction and Supply Com- 
pany, of 18 Cortlandt street, for 150 “‘ Ward ” arc lamps. 


Mr. P. &. Rose, of the Rose Electric Light Supply Company, 
of St. Louis, has been in the city for the past few days establishing 
a New York office. It has been decided to locate at 136 Liberty 
street, in the Electrical Exchange Building, arfd Mr. H. F. Gray, 
well known to the electrical trade, will represent the company. 


New York.—The Department of Electricity of the Brooklyn In- 
stitute held its annual meeting on June 2 in Association Hall. 
After the lecture by Prof. E. J. Houston the following officers were 
elected: President, James Hamblett; First vice-president, William 
A. Barstow; second vice-president, James P. Wintringham; sec- 
retary, R. J. Murphy; treasurer, R. M. Baylis. 


A Champion Pistol Shot.—The opening contest for the 
Winans trophy, emblematical of the amateur championship of 
America in revolver shooting, under the supervision of Forest and 
Stream, has been decided in favor of Dr. Louis Bell. He used a 
Smith & Wesson revolver, 44 calibre, 64 inch barrel, weighing two 
pounds seven ounces. The trophy is to be held subject to a chal- 
lenge for the term of two years, after which it will become the win- 
ner’s personal property. 

Dr. Louls Bell, who resigned his position as editor of THE 
ELECTRICAL WORLD on the first of March last to take an active 
part in the commercial development of the transmission of power, 
has joined the forces of the General Electric Company, and will 
have charge of the engineering work which will come up in con- 
nection with the transm'ssion of power on a large scale for other 
than railway purposes. He will be located, for the present, at 
Lynn, Mass., where he will be associated with Messrs. Knight and 
Parshall. This is the branch of electrical work in which Dr. Bell 
takes the deepest interest and in which there is now the greatest 
field for an original designer to exercise his engineering abilities. 
In the near future some very heavy work will undoubtedly be done 
in the transmission of power, and, as might be expected, the 
General Electric Company is preparing to take hold of this great 
and important branch in the same vigorous manner in which it 
developed the enormous electric railway business which it now 
controls. Inthe engineering department of the General Electric 
Company Dr. Bell will find some very genial colleagues, who are at 
the same time most excellent electrical engineers, as is well shown 
by the character of the Thomson-Houston apparatus which has 
been designed and built under their direction. L. H. H. 





ALBANY, June 11, 1892, 


An injunction has been served on the Troy & Lansingburgh 
Railway Company for the purpose of keeping it off of the property 
of the Union Railroad Company. 


The report of the Troy City Railroad for the first quarter 
of the year shows the following: Gross earnings, $7,941; operating 
expenses, $7,708; fixed charges, $913; loss from operation, $651; cash 
on hand, $123. 

To Adoptthe Trolley System.—The State Railroad Com- 
mission gave a hearing May 16 on the application of the Bingham- 
ton & Port Dickinson Railroad Company for permission to use 
the electric trolley system on certain parts of its line. 


The Report of the Troy & Lansingburgh Railway for 
the quarter ending March 31 shows the following: Gross earnings, 
$86,144; operating expenses, $47,570; net income, $31,149. It cost 
$61,083 to operate the road in the quarter of 1891 and the net income 
was $11,199. 

Acting Manager Hawley, of the Hudson River Telephone 
Company, informs THE ELECTRICAL WORLD correspondent that it 
will be late in the fal! before the new building will be ready for occu- 
pancy. The new switchboard will not be completed until after Aug. 
1. The new masts from which the wires w ll be distributed will be 
erected at once. The laying of the cables will be begun the first of 
June. The preliminary work of threading the conduits with wires 
has already begun. The new plant will be one of the most perfect 
in the country. 

The electric gas lighting plant in the Cathedral of the 
Immaculate Conception is completed and gives desired satisfac- 
tion. A very striking effect is produced and the architectural 
beauties of the cathedral are displayed to full advantage. Mr. 
Fred Newman had charge of the work which has been going on for 
over eight weeks. On two arches in the sanctuary are over 300 
burners, and in the whole church there are over 1,000 lights. They 
are lighted with 14¢-inch Ruhmkorff spark coil, with Edwards burn- 
ers and condensers. Two 10-cell batteries furnish the electric cur- 
rent. Electricians are at work connecving the main organ with the 
two chancel organs, so that the organist can play all together from 
his position before the main altar, or each one separately. This is 
said to be the only instance in the country where three organs have 
been electrically connected. 

An Electrical Stampiog Machine will be put in operation 
in the post-office. The macbine is the invention of Mr. 
George W. Hey, of Syracuse, and Mr, M. J. Dolphin, of New York, 
and will cancel the stamps and put the city postmark on all letters 
and postal cards received at the local office. It is estimated that 
the machine willdothe work of12men. I! is operated by a one 
quarter horse-power motor and combines the features of effective 
cancellation, uniform and legible postmarking and an accurate 
registry of the number of letters and postal cards that pass through 
it. Tbe International Postal Supply Company is the owner and 
manufacturer of the apparatus and the capital of the company is 
$2,000,000. The United States government has made the contract 
to rent enough machines to supply all the first and second class 
post offices in the country at an annual rental of $400 a year. Be- 
tween 8,000 and 9,000 machines will be required. vs es 





| 
NEW ENGLAND NOTES. 
BRANCH OFFICE OF THE ELECTRICAL WORLD, \ 
Room 28, Hathaway Building, 620 Atlantic Ave., } 
Boston, Mass., June LI, 1892. J 

The H. KK. Swift Manufacturing Company, of BHoston, 
has removed its office and factory to No. 1 Hartford street. 

Albertand J.™M. Amderson, manufacturers of the well- 
known Boston trolley and Etna insulation line material, are doing 
a very satisfactory business. 

The Newburyport Car Company is finishing its order for 
street railway cars for Fall River, and will soon begin the manu- 
facture of closed cars for fall and winter use. 

The Natick Cochituate Street Bailway has contracted 
for four car equipments of 25h. p. motors of Westinghouse single 
reduction type for their road. It proposes to extend its line to 
Saxonville, making nearly 10 miles of road. 

Dedham, Mass.—Over 800 citizens of Dedham have signed a 
petition asking the selectmen of the town to grant a franchise for 
an electric street railway. Two companies, the Suburban and the 
Old Colony, are seeking to obtain the privilege. 
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The Sampson-Cordage Company has recently enlarged 
its plant. It finds the demand for its Sampson arc light and trol- 
ley cord far heavier than anticipated. This company als) manu- 
factures cords specially suited for covering field magnets. 


The Shawmut Fuse Wire Company reports that its 
business is steadily increasing It claims that its wire is smoothly 
and accurately drawn and its links are all tested by the Massa- 
chusetts Electrical Engineering Company before being offered for 
sale. 


Thos. J. Hind, of Boston, has secured the contract for roofing 
the three new buildings for the Thomson-Houston Electric Com- 
pany at West Lynn. The buildings comprise about 110,00) square 
feet, and will be covered with Warren’s natural asphalt ‘ Anchor 
Brand ”’ roofing. 


The new marble are switchboard recently built by the 
Thomson-Houston Electric Company, and inteuded for the station 
of the Narragansett Electric Company, in Rhode Island, will now 
be sent to the World’s Fair at Chicago. Itis the largest board of 
the kind ever constructed. 


The Chapman Valve Company has recently introduced a 
new steam valve with bronze seats for superheated and high 
pressure steam made from heavy patterns supplied with by-pass 
outside screw and yoke with self-packing steel spindles. These 
valves are guaranteed to withstand a constant live steam pressure 
of 125 to 250 pounds per square inch and are especialiy adapted for 
electric plants which are carrying a steam pressure of 125 pounds 
and upward. 


Concord, N. H.—There was an important conference recently 
held by capitalists of Massachusetts and New Hampshire inter- 
ested in the building of an electric railroad from Epsom, on the 
Suncook Valley line, to East Norwood, a distance of about 11 miles. 
Among those present were President Smythe and several other 
directors of the Concord & Montreal Railroad; John J. Bell, of 
Exeter ; Ira N. Blake, of Northwood, and a representative of the 
Thomson-Houston company. The project was thoroughly dis- 
cussed, and all present regarded the scheme as a very feasible one. 
A portion of the route is over the new highway that was opened 
last year between Epsom and Northwood Centre, WwW. R. W. 


WESTERN NOTES, 


BRANCH OFFICE OF THE ELECTRICAL WORLD, \ 
465 THE ROOKERY, CuHIcaGco, June 11, 1892. 
Mr. William H. McKinlock, president of the Central Elec- 
tric Company, has just returned from New York. 


The Electrical Engineering & Supply Company of St. 
Paul, Minn., is issuing a handsome pocket supply price list. 


Dr. John MecKinlock, of the Central Electric Company, has 
recently been confined to his house by sickness, but is again at his 
desk. 


Mr. George Mayo, of the Rockford Electric Manufacturing 
Company, was in Chicago on Thursday en route from Independence, 
la., to St. Louis, 

Mr. Frank A. Wunder, formerly of the Western Electric 
Company, is now associated with the Chicago office of the Fort 
Wayne Electric Company. 

Mr. L. Chapin, No. 74 State street, Norwalk, O., is securing 
information regarding the cost of constructing an electric railway 
line to connect neighboring towns. 








Mr. Charles E. Gregory, No. 313 Canal street, Chicago, has 
secured orders for five arc and seven incandescent machines since 
opening up his “ trading store.” 


Mr. C. MW. Turnquist has opened an office in room 23 Lake- 
side Building, Chicago, and will handle electrica! specialties and 
also contract for interior wiring. 


Mr. S. MeClanathan, secretary and treasurer of the Mica 
Asbetite Insulating Company, of Denver, Colorado, was in Chicago 
this week en route to Kansas City. 


She Butler Manufacturing Company, of 70 West Wash- 
ington street, Chicago, is supplying the electrical trade with 
metal specialties, such as tin shades, etc. 

The Electrical Supply Company, Chicago, has issued a 
special catalogue, No. 245, in which are illustrated and described 
the electrical specialties manufactured by John R. Fletcher. 


The Sunbeam Incandescent Lamp Company, Chicago, 
are in receipt of renewal orders for incandescent lamps that are the 
best indorsements they could possibly desire regarding the efficiency 
and value of the Sunbeam lamp. 

Mr. William McVay, of New York, gave a lecture on “What 

Electricity Is’ before an interested audience in the church parlors 
of the Third Unitarian Church, corner of Monroe and Laflin streets, 
Chicago, on Thursday evening, June 9. 


Reduction of the World’s Fair Lighting Bond.—The 
bond into which George Westinghouse was obliged to enter, in con- 
junction with the contract for furnishing the Exposition with elec- 
tric lights, was reduced yesterday from $1,000,000 to $500,000. Mr. 
Westinghouse has furnished the bond. 

Mr. B. F. Sunny, who was Western manager of the Thomson- 
Houston company, has taken charge of the interests of the General 
Electric Company. Mr. John Beggs, who was in charge of the 
Edison company, has gone east, and his assistant wiil serve in the 
same capacity with Mr. Sunny. 

The Electrical Supply Company, Chicago, displayed the 
bulletins received over their private wire from Minneapolis during 
Friday afternoon. Thus the thousands who pass the corner of Ran- 
dolph and Michigan avenue were enabled to keep track of the bal- 
loting as it proceeded by the bulletins shown in the window. 


The Chicago Fire Cyclorama.—The members of the Ameri- 


‘can Institute of Electrical Engineers, who visited this realistic 


painting of the fire that destroyed over two hundred millions of 
property and rendered homeless a hundred thousand people in a 
day, were impressed with the perfect reproduction of scenes fami- 
lar to those who resided in Chicago in 1871 and witnessed the terri- 
ble sight. F, De L. 


Answers to Correspondents, 


Readers are invited to send discussions regarding, or answers to 
the queries pubtished in the column above, or with regard to any 
other live questions on electrical subjects. In answering questions 

lease refer to them by their serial number. Correspondence must 

e accompanied by the real name and address, not necessarily for 
publication, but as a guarantee of good faith. Names of corre- 
spondents will be printed in full unless otherwise requested, All 
correspondence should be as brief asis consistent with clearness. 
Tue ELECTRICAL WORLD assumes no responsibility for the opinions 
expressed by correspondents. 











{72.] Refer to the Thomson-Houston company. H. W. 

{82.} It would hardly be practicable to charge any form of stor- 
age battery now mideat a central station and transport it any 
great distance for the use of consumers. A. B, 


Ton, XIX. No, 25, 


[88.] It would not be possible to run “six 50-volt arc lamps and 
two 16 c. p. 190-volt incandescent lanp3son a50-volt strest railway 
circuit, as the arc lamps require 1) ampéres, and the incandescent 
only 4 ampére. Ten-ampére lamps of 109 volts are probably obtain- 
able in the market, but they would give from 250 to 300 candles, and 


when thus connected they would probably flicker considerably. 
L. M. 


[90.] You could construct a cheap form of galvanometer and use 
some of the methods given in the text books. One who has had ex- 
perience can estimate with considerable accuracy the voltage of a 
circuit by the brilliancy of an incandescent lamp inserted, but of 
course this method can only be used where the voltage to be meas- 
ured is somewhere near that of the lamp employed. Cc. D. 


[91.] You could not charge the cells from a 112-volt circuit by 
connecting the negative wire to the cells and thence to ground 
unless the positive wire of the circuit is grounded. The ground has 
nothing todo withit. By connecting directly to the mains, using 
proper resistance to cut down the volts, the cells could be charged 
from such a circuit, but it would not be an economical method, 
unless there were quite a number of cells. H. K. 


[92.] With water power at a distance of 12 miles from the centre 
of distribution you would hardly get satisfactory results with a 
direct current of 600 volts. Either the loss in the line would be ex- 
ceszive or, if sufficient copper was used, the cost very great. 

Cc. D. 


[95.] In actual practice one watt represents not far from 14 c. p. 
in an are light, but the conditions vary so that it is impossible to 
state any exact value. : A. B. 


[96.] On the ordinary alternate current transformer system the 
calculation of the candle power from the watts would be practi- 
cally the same as with direct currents. P. O. 


(98.] There would not be sufficient leakage from the flexible 
cords around gas fixtures to have any appreciable effect ona 
meter. L. M. 


[99.] One way of making a selenium cell is to wind two separate 
strips of platinized silver wire around a cylinder of hard wood, tak- 
ing care to maintain them at a constant distance apart, so as to 
avoid contact between them. The space between these wires is 
filled with fused selenium, which is allowed to cool gradually. If 
one of thé electrode faces is exposed to light, and the otrer kept in 


darkness, a difference of potential is obtained. E. H. 
{[100.] Quite extensive experiments with selenium cells have 
been made by Von Uljanin. Cc. D. 





‘News of the Week. 
THE TELEPHONE. 





Morgan, Vt.—Arrangements are being made to have a tele’ 


phone connection at this place. 


Deal's Island, Md.—A telephone is to be constructed from the 
island to Princess Ann. Address the Town Clerk. 
Onondaga, N. ¥.—The Central Division office of the American 


Telegraph and Telephone Company has been destroyed. Loss on 
machinery and instruments, $1,500. 


THE ELECTRIC LIGHT. 


Omaha, Neb.—The Fred Kreug brewing plant will have an 
electric plant and furnish lights and power for the factory. 

New Ulm, Minn.—The Eagle Roller Mill Company expects in 
a short time to establish an electric light plant in its factory. 











Mobile, Ala.—The Electric Light company proposes to increase 
its capital stock, and will enlarge its electric and steam plant. 

Baltimore, Md.—The American National Bank, which is in 
course of erection, will be lighted with both gas and electricity. 


Coatesville, Pa.—The Coatesville Electric Light, Heat and 
Power Company has not yet determined upon the location of its 
plant. 

Louisville, Ky.—The Citizens’ Electric Light Company is to 
be re-organized and the plant enlarged and improved. Address W. 
T. Halsey. 

Uxbridge, Mass.—The Uxbridge and North Bridge Electric 
Company intends to enlarge its present building, and will add new 
machinery. 


Westport, Mo.—The Council will submit to the people a prop- 
osition to vote $8,000 bonds for a city hall, water-works and elec- 
tric light plant. 


Rochester, N. ¥.—Common Council Lamp Committee has re- 
jected bids for lighting the city and requests more bids, which will 
be opened until June 13. 


Livermore Falls, Mie.—The largest paper manufacturing 
concern in the town proposes to erect a plant and light and run 
the factory by electricity. 

Township, N. J.—The Nutley Electric Light, Heat and Power 
Company is rapidly completing its plant. It is expected that the 
city streets will soon be lighted. 

New YWork.—A number of resolutions for electric lights in 
various parts of tue city have been adopted by the Common Council 
and the lights will soon be erected. 


Columbia, S. C.—The Council is considering the question of 
procuring a plant for the city. The city engineer has been em- 
ployed to aid them in the enterprise. 

‘Toulon, £11.—The electric light investigating committee has 
examined the various methods of lighting and recommended the 
arc light as the best adapted for street lighting. 

East Greenwich, BR.1I.—A meeting will be held June 14 to 
vote on the question of issuing $20,000 bonds, proceeds to be used to 
buy, own and operate an electric plant. 


Hallock, Minn.—An electric light franchise has been granted 
by the Council to Kelso & Beacon, of this city, and an electric light 
plant will be put in and ijn running order in 60 days. 

Abington, 8111.—Mr. J. T. McAllister, who has the contract for 
the erection of the electric light station, reporta the work in prog- 
ress. ‘The building is to be completed by the first of July. 

Cincinnati, 0.—It looks as if the new electric light works 
would be established here. The men who back the enterprise claim 
that they already have a sufficient number of subscribers. 

Meredith, N. H.—A. W. lves, of Boston, representative of the 
Thomson-Houston Electric Company, has been inspecting the ad- 
vantages for establishing the electric plant in the village. 

Philadelphia, Pa.—The Brush Electric Light Company will 
apply for permission for opening the streets and laying conduits on 
Walnut, Chesunut, Arch and other streets as soon as plans can be 
furnished, 


McKeesport, Pa.—The Belle Vernon Water Company and 
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the Electric Light Company, two new companies cliartered with a 
capital of $1,000.each, are preparing to establish and commence the 
building of a plant. 


New York, N. W.—The Lexington Avenue Opera House on 
Fifty-eighth street will make many improvements. Electric light- 
ing will be used throughout; ventilation will be insured by means 
of an electric motor. 


East Greenwich, R. 1.—A committee has been appointed to 
secure information regarding the cost of putting in and operating 
an electric light plant. Action will be taken upon their report at 
the August town meeting. 


New Bedford, Mass.—The Jenney Star Electric Company will 
enlarge its plant by adding new machinery for the purpose of 
manufacturing arc lamps for the Suffolk Electric Company. of Bos- 
ton. 


Rye, N. ¥.—The residents of the second and third districts are 
desirous of having the streets lighted by electricity. It is thought 
that 30 lights will be sufficient. No action, however, will be taken 
until $80,000 has been subscribed, part of which is now in hands of 
committee. 


Coatesville, Pa.—The Coatesville Electric Light, Heat and 
Power Company is now deciding on the location of its plant. The 
company has received bids for the dynamos, engines, wiring, etc., 
and will be ready to go ahead with the work as soon as the location 
can be secured. 


Marietta, 0.—A company has been formed to furnish electric 
light and power and has made an application fora charter. The 
incorporators are: Barr Spangler, Amos Bowman, H. B. Cassel, E. 
L Reinhold, H. S. Rich, A. D. Wike, L. E. Weimer, Col. D. B. Case, 
Dr. G. W. Reich and Prof. Haldeman. 


Fort Edward, N. ¥Y.—The Fort Edward Electric Company is 
now enlarging its plant. It has already ordered a new dynamo of 
800 lights capacity, a 130-h. p. engine and a 150-h. p. boiler. This 
will give the company a total capacity of 1,000 lights. Work on this 
new addition has been commenced. The company has about 300 
additional residence lights to put on its circuit. 


Philadelphia, Pa.—The sub-committee of the Council’s Elec- 
trical Committee having charge of the ordinance authorizing the 
Edison Electric Light Company tolay conduits in the streets has 
again decided to report the ordinance favorably to the general com- 
mittee. The company is required by the ordinance to lay conduits 
for the city to the extent of at least $25,000 a year, which shall be 
under the exclusive control of the Electrical Bureau and shall be 
the property of the city. The company is prepared to go ahead with 
the work as soon as the ordinance is passed. 


THE ELECTRIC RAILWAY, 


Pueblo, Colo.—It is proposed to construct a street car line to 
the new East Side Park. Benj. Mattice and W. T. Booth are in- 
terested. 

Delaware, 0.—A company with capital of $69,000 has been or- 
ganized to construct and operate an electric street railway. 








Bridgeport, Conn.—The horse railway company will lay new 
tracks throughout the West End as soon as it gets permission to 
use an electric system on the line. 


Haverhill, Mass.— At atown meeting held at Groveland it was 
unanimously voted to allow the Haverhill & Groveland street rail- 
way to use electricity to propel its cars. 


Mit. Washington, Pa.—The Hilltop, Grandview & Mt. Wasbh- 
ington Traction Company proposes to extend its lines to the 
Union Station. W. B. Lupton is president. 


Penacook, N. H.—The Electric Railway Company proposes to 
build an extension to the road one mile along the banks of the Con- 
toocook River to a new park which has just been purchased. 


Toronto, Can.—Mr. Evertett, general manager of the street 
railway, states that he will change 55 miles of road to the trolley 
system if the City Council will do its share of street improvemenis. 


Jersey City, N. J.—The Jersey City & Bergen Railroad Com- 
pany will shortly award the contract for the construction of the 
one-story 164 by 110 foot brick building to contain new machinery 
to propel the company’s cars by electricity. Engineer Belknap has 
prepared plans. 


Chester, Pa.—The Chester & Darby Electric Railway Com- 
pany, capital $50,000, will construct a line through Chester, cross - 
ing the bridge and running through Darby. Edward Miller and 
Chas. H. Warren, Fall River, Mass., and Franklin S. Holmes, 
Brooklyn, are the promoters. 


Brooklyn, N. ¥Y.—John Delmar and Louis C. Berman have 
applied for a franchise for the privilege of operating an electric 
surface railroad through Union street from Hamilton Ferry to 
Prospect Park. Gen. Stewart L. Woodford and Cornelius Donnolon 
will also present a like petition. 


Albany, N. ¥.—The directors of the Albany Railway Railway 
Company will hold a meeting June 29 for the purpose of increasing 
its capital stock to $500,900. It is proposed to make the power 
bouse on Troy division a repair shop and add generators and mo- 
tors to station on South Pearl street. ° 


Troy, N. W.—The poles for the electric lines of the Troy City 
Railway Company have been erected and the work of stringing the 
wires is about completed. Cars are expected to be running to 
Albia on July 4. The Gilbert Car Company has completed six new 
box cars and six open cars for the road. 


Brooklyn, N. Y.—Two new schedules have been introduced 
on the Fort Hamilton & Hamilton Ferry Line of the Brooklyn City 
Railroad, in order toovercome the delays now occasioned by the 
Hamilton Avenue bridge. Itis estimated that on Sundays 50,000 
people are carried to Fort Hamilton by this road. 
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Buffalo, N. ¥Y.—The Buffalo Railway Company is pushing 
forward its improvements as rapidly as possible. The company 
has now about 90 electric cars in daily operation, and 20 in reserve. 
As soou as the Main street line is completed this number will be in- 
creased to 120. The work on the Main street track is all completed, 
except some special iron work which has not yet been received. 
The Seneca street extension is fast nearing completion. 


The Calumet Electric Street Railway Cempany ran the 
first car over the line connecting with the cable at Seventy-first 
street, Chicago, on Decoration Day. Cars will run every ten min- 
utes on Sundays and at intervalsof fifteen minutes on other days. 
The power house is at Stony Island, but a new power house and car 
barn are building at Burnside. The cars are driven by 40-h. p. 
Detroit motors and power is furnished by Thomson Houston and 

Rae generators. The track is laid with 78-pound Johnson rails on 
8-foot oak ties. 


Toronto Junction, Ontario.—The work on the City & Sub- 
urban Electric Street Railway has actually commenced, and bids 
fair to be completed within the specified time. About 80 men are 
now employed in the work, and 100 more will soon be puton. Mr. 
Barr, the manager of the construction, also proposes to erect a 
large power house capable of generating 10,000 h. p. to supply the 
factories. As the town is in need of incandescent lights for interior 
lighting it is probable that the company will make a bid for a fran- 
chise for that class of work. 


The Electric Railway Company of the United States is 
an organization formed to experiment with electric motors. 
Stephen D. Field, a nephew of Associate Justice Field, of the United 
States Supreme Court, is conducting experiments at present espe- 
cially with a‘view to adapt some electric motor for use on the ele- 
vated railways. On Thursday there was a special meeting of stock- 
holders at No. 1 Broadway and the following trustees were elected: 
Cyrus W. Field, Cephas Brainerd, Stephen J. Field, the Rev. 
Henry M. Field. Edgar M. Marble, Stephen D. Field, Charles 8, 
Coye, Phillip P. Harris and John H. Dey. 


New York, N. ¥.—Mr. Mead presented to the Board of Alder- 
mena petition from the Houston, West Street & Pavonia Ferry 
Railway Company, asking permission to connect the Ninth Avenne 
surface road with the Sixth Avenue road by !a spur through Fifty- 
third street. This road is also controlled by the syndicate of which 
John D. Crimmins is president. New York & South Beach Railway’s 


directors have been authorized to issue six per cent. 33-year bonds. 


in amount not to exceed $150,000, the proceeds to be’used in building 
and equipping the proposed road, which will be three miles long 
and connected with the lower terminus of the Staten Island Rapid 
Transit road. The motive power has not yet been decided on. 


LEGAL NOTES, 


Telephone vs. the Electric Railway.—An injunction has 
been served on the Electric Street Railway Company, of Hornells- 
ville, N. Y., by the Bell Telephone Company, and the work of con- 
struction of the road has come to a standstill. The telephone 
company charge that the construction men have totally disre- 
garded the right of the telephone company granted by the city in 
May, 1887, and have seriously interfered with the working of the 
telephone wires. The telephone company demands that the railroad 
company provide them with poles whereby their wires can be erected 
above the trolley wires. The railroad company contend that their 
franchise is superior to that of the telephone company. The differ- 
ences will be fought in the courts. 


Suit Against a Parent Company.—The Kansas City local 
electric lighting company, of which Mr. E. R. Weeks is manager. 
has brought suit in the United States Circuit Court of Wisconsin 
against the Thomson-Houston Electric Company for $210,000 dam- 
ages for breach of contract. The Kansas City company is a licensee 
of the Thomson-Houston and acquires the exclusive control of the 
Thomson-Houston apparatus for two counties. Recently the Thom- 
son-Houston licensed the Jenney company to use its regulator in 
these two counties; the Jenney company sold machines to the gas 
company, Kansas City, equipped with Thomson-Houston regula- 
tors, and the gas company became an active competitor of the 
electric light company, hence the suit. The answer of the Thom- 
son-Houston company has not yet been filed. 


The suit of Webster Gillett and others against the American 
Union Telegraph Company to recover $100,000 damages for breach 
of contract was tried before Judge Wallace on June 3. A contract 
was made between the plaintiffs and defendant in 1880, whereby the 
American Union Telegraph Company took one-half in a certain 
patent relating to telephoning, and was to pay the plaintiffs 50 
cents for each instrument manufactured and used by it. A clause 
in the contract prohibited either party from transferring its right 
without the written consent of the otherside. In 1881 the American 
Union Telegraph Company consolidated with the Western Union, 
and under contract with the Bell Telephone Company the Western 
Union was restrained from using any other telephone than the Bell 
instrument. The plaintiffs complain that by the consolidation the 
American Union Telegraph Company had transferred its rights to 
the Western Union, but Judge Wallace held that such could not be 
construed into a transfer. He accordingly directed a verdict of six 
cents for the plaintiff. 











MISCELLANEOUS NOTES. 


‘*The Digest of Electrica] Patents”? is the title of a new 
publication of which we have received advance specimen pages. 
It will be issued monthly under the direction of Mr. Ralph W. 
Pope, Secretary of the American Institute of Electrical Engineers, 
and will embrace a synopsis of each patent relating to electricity 
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granted during the month. These patents are arranged in classes 
and sub-classes, with numerical and alphabetical indices. 


The Carpenter Electric Storage Company, of Denver, 
Colo., has presented the School of Mines with a 61-cell storage bat- 
tery, valued at $600, which will be used for practical instruction 
and lighting purposes at the school. A syndicate, of which W. A. 
Russell, of Lawrence, Mass., is at the head, has completed the pur- 
chase of the Garvins’ Falls property in South Concord and Bow, and . 
it is stated that in 60 days the city proper will be suppled with elec- 
tric power from that plant. 





Industrial and 1 Trade Notes. 


‘Don CC. Waters, manager of the Lake Girard mica mines» 
reports a steady and increasing demand among dynamo manufac- 
turers and he is now prepared to supply direct to users mica cut to 
given dimensions or in a rough split state. 


The Ideal Engine still continues to meet with favor. A 
60-h. p. Ideal was recently shipped to the Chapman Electric 
Light Company, of Dublin, Tex., and another of 35 h, p. to Sanger 
Bros., of Dallas, Texas, for an isolated plant. The manufacturers of 
these machines are A. L. Ide & Son, Forth Worth, Tex. 


The Link Belt Engineering Company has recently issued 
an instructive catalogue on ‘Power Transmission hy Manila Rope.” 
It contains a great deal of useful information and many interesting 
illustrations showing the wide application of manila rope to the 
transmission of power and giving evidence of its wide spread use. 


The Central Electric Company, of Chicago, is putting on 
the market a very compact little fan motor, made in sizes }, 4 and } 
h. p. These motorscan be used on desks, and can be attached to 
the wall by a simple device, the whole being the product of the In- 
terior Conduit and Insulation Company, for which the Central Elec- 
tric Company is general western agent. 


The Electric Appliance Company reports large sales of 
Meston alternating current fan motors. Although the seascn can 
hardly be said to have opened up they are nevertheless considera- 
bly behind on their orders, and have had a demand far in excess of 
their expectations. The demand for canvas jacket wire is also 
very heavy and the factory is crowded to its utmost capacity. 

The ideal Oil BRefiner is meeting with great success. Some 
of its latest sales are: The Leader Publisher Company, Pittsburg, 
Pa.; Robt. H. Thorburn, Rapid City, S. Dak.: Stanley Rule and 
Level Company, New Britain, Conn.; Carnegie Bro. & Company, 
Braddock, Pa.; Lakewood (N. J.) Electric Light Company; National 
Soldiers’ Home, Dayton, 0.; Crooke, Horner & Company, Balti- 


‘more, Md. 


The Chicago Electric Wire Company is sending out 
samples of itsinsulated wire. This company manufactures solid 
conduits for all kinds of electric work and stranded cables for sub- 
marine and underground work, both in plain, braided, leaded and 
armored styles. The quality of the insulation seems to be very 
excellent and the most severe bending fails to develop any cracks 
or imperfections. 


The Railway Equipment Company, Chicago, reports for 
the last week orders for the complete equipment of roads in New 
Haven, Conn.; Brooklyn, N. Y.; Baltimore, Md.; Evansville, Ind. ; 
Chillicothe, O.; Pittsburgh, Pa.; Hamilton, Can.; Augusta, Ga.; 
Kokomo, Ind.; and Put in Bay, O. They have also made during the 
same time large sales for extensions of present roads. The business 
of this company is constantly increasing. 

Queen & Co., of Philadelphia, are just issuing a revised price- 
list of their ‘‘ Magnetic Vane” ammeters and voltmeters, in which 
two forms are given, one with brass and the other with iron cases. 
The difference in price is occasioned only by a corresponding 
difference in the material used, and external finish, for both types 
are calibrated to the same degree of accuracy. These instruments 
are extensively employed for switchboard purposes, and enjoy an 
excellent reputation, As decided changes in appearance and prices 
have been made it will be well for interested parties to obtain a 
copy of the special descriptive circular No. 330. 

A Curious Way of Advertising.—In ube show window of a 
a store in Wilmington there is a glase case in which is a pivoted 
Crocker-Wheeler motor with a fan, and about two pounds of 
feathers. When the motor is in operation it revolves completely 
around a circle, throwing a strong current of air and causing the 
feathers to fly around in all directions. The crowd about the 
window is so great that it requires two policemen to keep them 
away, and as a natura) result the dealer is growing rich from his 
sales of motors. It is reported that the Crocker-Wheeler people 
are receiving more orders for these pivoted motors than they can 
fill. 





Business Notices. 


Battery Cut-Out, C heap.—Sensitive, reliable, never requires 
attention. Gas lighting much improved by its use. Electric Sup- 
ply Company, of 105 South Warren street@Syracuse, N. Y. 


Molds for casting battery zincs are made of iron and steel. We 
have just completed sets for the “ D’Infreville Patent Wasteless 
Zinc,”’ costing over $40 each, H. Brooke, 44 Barclay street. 


Thirty-five-light, 2,000-c. p. American are dynamo in 
good condition, for sale at a bargain; also 750-light Westinghouse a)] 
ternator, with station appliances. Address E. T. Pardee, 10 Butler 
Building, Syracuse, N. Y. 





Burlington HRoute—New Service.—A through Pullman 
sleeping car, Chicago to San Francisco, is a feature of the Burling 
ton’s new service. This car leaves Chicago daily on the fast train 
at 1:0) P.M., and runs via Denver, Colorado Springs, Leadville, 
Glenwood Springs, Salt Lake City and Ogden, arriving in San 
Francisco at 11:45 A. M., less than four days en route. 


OUR ILLUSTRATED RECORD OF ELECTRICAL PATENTS. 


(In Charge of W. A. Rosenbaum, 17 


U. S. PATENTS ISSUED JUNE 7, 1892. 

476,236. Electro-Magnet; Andrus D Ayres, Kalamazoo, 
Mich. Application filed Sept. 15, 1891. The combination of a 
series of paramagnetically incased coils provided with a series of 
magnetically divided core-armatures, the armatures being bound 
together and each armature arranged toform portions of parcicu- 
lar magnetic circuits; and a suitable commutator so arranged 
oe the combined armatures are made to partake of the action 

16 series, 


7 Times Bldg., N. Y.| 








476,240. Railway Signaling System ; Frank P. Benjamin, 
New York. Application filed Sept. 5, 1891. In a system of rail- 
way signaling, a signal, a locking devi ice, and devices along the 
track at opposite ends of a section, antomatically operated by 
& passing train to work the lock witbout changing the position of 
the signal when the train enters and leaves the section, so that 
the signal cannot be made to indicate “ safety’ while the train is 
on the section, 


476,292. Apparatus for Trimming Carbon Points; 
Philo Moses, Fremont, O. Application filed June 25, 1891. In an 
apparatus for trimming carbon points, a frame-work, and a 
stationary knife-carrier fixed thereto, in combination with a 
sectional carbon-holder adapted to open by gravity, a shaft 
carried by the frame-work, and eccentrics carried by the shaft 
and operating to close the carbon holder and raise it into engage- 
ment with the knives. 


476,296. Electric fed Janie Richard P. Osgood, Methuen, 
Mass. Application filed Jan. 18, 1892. In an electric battery, the 
combination of a containing jar, a porous cup therein, two per- 
forated copper plates respectively disposed in excitants on oppo- 
site sides of the cup and connected by straps or other means, a 
binding post on said connection, a & porese cup within the inner 
copper cylinder, a zinc plate provided with a binding post, dis- 
posed within said inner porous cup, and an excitant for said zinc, 


476,311. Electrical Governor; Mark A. Replogie. .Mattawana, 
Penn. Application filed Dec. 12, 1890. In an electrical governor, 
the combination of an electrically connected standard, a tripodal 
mareary retaining vessel revoluble in a horizontal plane therein, 
an insulated electrical connection with the mercury,in the middle 
tube at lower speed than normal, an independent electrical con- 


nection with the mercury in the outer tube at lower speed than 
normal, an independent electrical connection with the mercury in 
the outer tube only at speed above normal, insulated collectors 
separately connecting with said electric media at the outer ex- 
tremities and separate electrical connections with said collectors. 


476,317. System of 7 Electric Cireuits; Char!es 
H. "Rudd, Chicago, Tl. pplication filed Nov. 4, 1889. In an elec: 
tric light system, an ay ficial high resistance of invariable 
amount, said artificial circuit being connected with the different 
sides of a dynamo-machine while supplying current to a workin 
circuit, gaid artificial circuit having its resistance apportion 
between connecting sockets, in combination with a testing appa- 
ratus for determining the neutral point of the artificia! circuit. 


476,330. Safety Device for Electric Motors; Elihu Thom- 
son, Lynn, Mass. Application filed Oct. 16, 1889. The combina- 
tion, with a constant potential, of a normally closed branch there- 
in, a translating device, and a protective device included in said 
branch, the protective device being responsive to abnormal cur- 
rent and being adjusted or constructed to open said branch cir- 
cuit onls after a predetermined time, dependent upon and within 
the period for which the translating device may carry abnormal 
current without injury. 
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476,331. Dynamo-Electric Machine}; Elihu Thomson, Lynn, 476,473. Electric Body Wear; Robert 8. Mears, Newton, 476530. Incandescent Electric Lamp} Thomas A. Edison, 


Llewellyn Park, N. J. Application filed June 4, 1887. In an in- 





Mass. Application filed Oct. 14, 1889. This invention consists in 

roviding the armature of an alternating current dynamo or in- 
Sooslen apparatus with two or more coils or sets of coils, whose 
positions with respect to the magnetic field are such that the wire 
of one is subjected to its greatest magnetic influences, while the 
other coil is not peaeeae induction, in combination with col- 
lectors or rings or connections from the armature wires, whereby 
two waves of currents — be fed to different circuits outside of 
the mach:ne from such coils respectively, such waves not coincid- 
ing in period, but being displaced one quarter of a wave 


length. 


476,334. Base Ball Game; Morris Ullman, Washington, 
D. C. This invention consists in an annunciator, an indicator 
operating thereon for varied degrees of movement, a target or 
strike member, an electrical circuit connecting such indicator 
with the target or strike member, an electrical circuit connecting 
the indicator with the target, such varied de 8 of movement 
of the contact mepvenn 50 adjust the electrical circuit to operate 
the indicator to the different degrees of movement. 


476,346. Alternating Current Motor; Merie J. Wightman, 

Lynn, Mass. Application filed Nov. 14, 1888, The combination 
of a source of alternating currents, an armature and a field mag- 
net being both supplied from the said source with alternating 
currents conveyed through them in a direction to set up repul- 
sion between armature and field at each alternation, and means 
for keeping out of circuit those portions of the armature between 
which and the field attraction exists. (See illustration.) 


476,347. Electric Motor; David H. Wilson, Chicago, Til. 
Application filed Aug. 28, 1891. In anelectric motor, the combina- 
tion of mcre than one electromagnetic coil wound and connected 
in series, the adjacent coils wound in a different direction, re- 
spectively, and having a common electromagnetic pole, arma- 
tures arranged ona common shaft in front of the poles of the 
series of electromagnets, adjacent ones of such armatures wound 
in opposite directions. a wire connecting with the wire forming 








arated. 


Kan. Application filed Nov. 27, 1891. The combination, with a 
removable pile, of a cell inclosing the pile, a oe Fe secured 
to the top of the cell, and a metallic spring adap to connect 
the binding post with the top of the pile and to hold the elements 
of the pile in position in the inclosing cell. 


“7s 063. Secondary Battery Pilate; Edward C. Paramore, 


Philadelphia, Pa. Application filed Sept. 2, 1890. A secondary or 
storage battery plate composed of a porous cup, agrid consisting 
of a atrip or sheet cut or divided into leaves and located in the cup, 
and active material in the latter surrounding the grid or plate. 
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476,184. Electric Cable; William R. Patterson. Chicago. Il. 


Application filed Oct. 29, 1891. In an electric cable, the combina- 
tion, with a core of insulated conductor or conductors, of an ex- 





candescent electric lamp, the combination of contacts in_co-oper- 
ative relation, one being a spring situated in the stem of the lamp, 
connected with one wire and having an opening through which 
said wire passes and substantially parallel with the wire, whereby 
the spring is normally held away from the other contact, which is 
connec to the other side of the circuit, whereby upon destruc- 
tion of the wire the spring is allowed to make contact with the 
other side of the circuit. 


476,531. Electric Riapsiag Syaten Thomas A. Edison, 


Menlo Park, N. J. Application fi April 26, 1881. In a multiple 
arc system, the combination of three or more derived circuits or 
branches, each containing an independent translating device, a 
magnet inthe first branch, an armature therefor, normally 
holding the second branch open, but closing the same when de- 
magnetized, a magnet in the second branch, an armature there- 
for, which when attracted holds the third branch open, a contact 
for the armature, connected to the third branch, and a device for 
holding the armature against said contact when retracted. 


476,544. System of Electrical Distribution; Harry Ward 


Leonard, New York. Application filed Dec. 28, 1891. Ina system 
of series multiple electrical distribution, the combination of main 
conductors, groups of translating devices in series between them, 
a compensating conductor connected between the translating de- 
vices, an electrical generator connected between the main con- 
ductors, and a compensating device of constant difference of po- 
tential serving either to receive or produce electrical energy as 
the excess of load shifts from one side of the compensating con- 
duetor to the other, such device being connected between the 
compensating conductor and one of the main conductors, the com- 
pensating conductor being connected with the other main con- 
ductor through the translating devices only. 


476,570. Fuse Block for Electric Circaits; Elmer A. 


Sperry. Chicago, Ill Application filed March 19, 1891. A revolu- 
ble block of insulating material having a hub in contact with a 





rm 


the coil of the electromagnets before such wire enters into the terior metallic sheath having interior projecting longitudinal conductor, terminals mounted on the block and insulated from L 
onl and with one of the commnaenios prpshes * the meser one ribs in contact with the core. each oe, —_ adapted by a —— oe block to a meeent 
apted to be attached to one pole of an electrical generator, an : : successively into contact wit e spring in contact with the 
a wire connecting with the wire extending from the last one of “731899. ayetom a for Electric Circuits ; Charles terminal, fuse wires connecting the hub to the terminals, and a 
the series of electromagnetic coils and with the other commutator oh. i. i rane. . Appl cation filed Jan. 19, 1888. <A test- hand wheel on the shaft of the block adapting it to manual rota- 
brush of the motor and adapted to be attached tothe other pole ing ine t, including a telephone and a condenser, the circuit of tion in combination with a supporting base. c 
of the electrical generator. one side of the condenser being connected directly to ground, and s 
a movable test terminal, in combination with the terminals of a 476,573. Electrical Valve Controller; John V. Stout, A 
476,367. Trolley Support; Spencer C. Crane, Philadelphia, lamp circuit, extended from different sides of the dynamo-elec- Easton, Pa. Application filed Dec. 22, 1891. The combination ot 
Pa. Application tiled March 11, 1892. This isan improved con- tric machine, whereby on connecting the movable terminal with a valve, a toggle joint connected thereto, a fulcrum for said toggle i 
struction in which the trolley support consists of a limited num- the different extended terminals of the electric light circuit the and means for applying power to the toggle, comprising a lever | 
ber of exchangeable parts, which may be assembled and taken condition of the electric circuit with respect to insulation may pivoted at the fulcrum, an armature connected to the lever and a . 
apart without the use of any tool, and waeees bey mane = be determined. magnet adapted to move the armature. 
, © ra o a . . 
eee me 4 Le weneee ae held in ines and seateated 476,492. Circuit for Test Batteries and Cords of Multi- 476,582. icerep tae § Cesar Vogt, Posen, Germany. Appli- si 
from ace:dental displacement, and this interlocking action is ple Switch boards; Charles E. Scribner, Chicago, Il], Applica- cation filed May 27, 1891. In a microphone, the combination of a 
effected by the same spring which tends to constantly elevate the tion filed June 1, 1885, The cumbination with telephone lines diaphragm having two recessed contact blocks insulated from bs 
trolley and to hold it in a vertical position. connected with spring-jack switches on the different boards. of each other with carbon cylinders bridging these contacts, provided Pp 
test circuits, one for each telephone line, pairs of cords at the with magnetic sleeves, and a magnet or magnets in inductive 
476,368. Brush Holder for Dynamo-Electric Machines different boards, a cell of battery permanently included in cir- proximity to the sleeve of magnetic materia] for maintaining the 
and Motors; Frank B. Daggett, St. Joseph, Mo. Application cuit with the different clearing out shutters, the operator’s tele operative relation between the cylindersand contacts. D 
filed Sept. 8, 1891. An electrical] brush holder composed of a tri- phone at each board, and switching apparatus whereby the tele- 
angular solid head of brass or other suitable metal, a cross bolt ptone and battery of any pair of cords may be alternately in- Ww 
cluded in and disconnected from the circuit of the cords. or 
| 476,493. Electric Are Lamp} Charles E. Scribner, Chicago, “ 
} Ill. Application filed Oct. 13, 1891. This improved lamp mechan- al 
ism consists, essentially, of a centrally pivoted lever whose ti 
Ay) extremities are adapted to engage with a second lever pivoted at 
Ae one extremity at diiferent distances, respectively, from its pivotal = 
wy point ; an electromagnet in shunt of the arc, adapted to rotate the 
centrally ae lever in one direction; a spring tending to 
rotate said lever in the opposite direction, and a second spring ” 
acting to press the end-pivoted lever toward the ceutrally-pivoted 
/ lever. The said end-pivoted lever at its free extremity is con- 
nected with the clutching mechanism, of any well known form, 
/ | grasping a rod carrying one of the carbons of the lamp. 
f 476,494. Keyboard System for Metallic Circuits ; John 
i) A. Seely, New York. Application filed Nov. 15, 1886. Ina key- 
1 ie board system, the combination of calling keys composed each of 
Win two levers, a pair of cords having two strands, the two strands - 
Vil being connected to the levers of the calling keys, respectively, a 
Vi ad contact points connecting with the calling generator, a clearing V 
H out annunciator permanently included in a circuit between cor- 
\ responding levers or springs of the keys, whereby the generator = 
Nii may be looped into the circuit of either of the two telephone 
\ lines, while at the same time the clearing out annunciator is ex- 
cluded from the circuit. 
NY 476,501. Incandescent Electric Lamp; Ephraim E. EK 
NU Weaver and Gustavus B. Manypenny, Philadelphia, Pa. Appli- 
X cation filed Dec. 5, 1891. Our invention consists of an incandes- 
\ cent electric lamp having a hollow reflector of irregular, square, [i 
} or a cross section forming the inner wall of the vacuum 
i chamber of the lamp and a filament, the two parts of which are 
f disposed in premnne to the point or ends of the reflector and 
supported by electrodes sealed to the socket of the lamp, the con- 
as a = arenes of the = reflector being such that 
No. 476,346.—ALTERNATING CURRENT MorTor. a supply of air is permitted: around about the internal surface, No. 476,463.—ELEc 7 C : 
No. 47 wherby overheating or other damage to the reflecting body of No. 476,463.—ELEcTRIC CHIME OR BELL. 
connecting the apices of the vertica) jaws or “oe of the need on the lamp is prevented. 
covered by a sleeve, a ratchet wheel at one end of said bolt, and a es y » asf 
pawl adapted to engage the teeth of the ratchet, a pin passing 476,509. Keyboard Circuit for Multiple Switch- 476,583. Magnetic Telephone 3 Cesar Vogt, Posen, Ger- 
through the sleeve and bolt midway between the vertical jaws, a boards; Oro A. Beil, New York. Application filed Sept. 30, 1891. many. Application filed Sept. 14, 1891. In a double poled tele- 
swinging plate hung on the bolt, a spiral spring wound around The spring and contacts which constitute the calling-keys in this phone, a device for adjusting the outer annular pole with rela- 
the sleeve with its free ends projecting downward and resting on improved key are of the usual construction and are mounted tion to the membrane, composed of a horseshoe steel magnet carry- 
the side of the swinging plate, and a tongue attached to the bot- upon a block of insulating material. The listening key is prefer- ing at the end of one of its branches the bobbin with an iron core ° 
tom of the swinging plate. ably mounted on the same block, and consists of a single spring as the inner pole, and on the other branch aniron cylinder sur- 
; : : i on one side of the block, with its contact-anvil and two springs rounding the bobbin as the other pole, and of a screw having a 
476,376. Electrically Controlled Valve 3 William B. upon the opposite side of the block, each furnished with a con- head counter sunk into and secured by a washer upon the branch 
Fleming, Philadelphia, Pa. Application filed Nov. 3, 1888. The tact anvil and adapted to close together when they are separated carrying the bobbin, and having a screw threaded shaft engaging 
combination of the main valve having supply and discharge from their contact anvils. A connection from the tip of one con- in a tapped hole in the other branch of the steel magnet. 
parts, a piston connected at one side with the main valve, a necting plug extends through the usual contacts of one calling 
passage between the supply port of the main valve and the other key to one of the two springs at one side of the block. Aconnec- 476,603. Conduit for Electric Railways; William Brad- M 
side of the piston, an auxiliary valve in the passage, an electric tion from the tip of the other plug extends similarly through the ley, Fort Wayne, Ind. Application filed June 2, 1891. In acon- i 
circuit and motor for controlling the auxiliary valve, and a cir- contact of the other calling key to the other of the two springs duit for electric railways, the combination of a box or pipe pro- 
cuit breaker arranged in the circuit and connected to the main described. The single spring on the opposite side of the block is vided with a longitudinal slot, with a slot extending from the 
valve and overa thereby. conanntas wie = slesyes of note pee. One terminal of the voaeway = oe ye or a the bottom of the box or pipe, one 
ee 4 s J Be 3 es r ephone set is connected to the contact anvil of the side of said slot, the same being adapted to permit the operation 
s ; 
4 16:328- on™ ote ~~ ‘ed 5 tomes _Albe the arte single spring and the other terminal to the contact terminal of of a supporting arm of a contact device, and also adapted to 
vombination ‘with an incandescent lanip circuit of means that spring which is connected to the testing plug. The contact confine within the slot water and other substances which may 
coms ee >. cousin of a divided battery anvils of the two springs are connected together through a con- enter it and conduct such substances outside the box, and a drain 
po B= oo oe ~ i tok, “Catawe of the Sten perform all the functions of the usual placed beneath the slot communicating with it. 
battery circuit, provided with spring armatures adapted to lock y P ” 476,604. Insulator Bracket; Thomas H. Brady, New Britain, 
together when brought‘ contact, one of the armatures being in Conn. Application filed April 9, 1892. An insulator bracket con- 
the lamp circuit and consisting of magnetic material supplemented sisting of a shank and a ho!low head secured to the shank, with 
by a material of higher conductivity, a spring clip, also in the an interior space between the shank and head. 
lamp circuit in the path of a projection on the armature, and : 
adapted to make electrical contact with said projection when the 476,613. Electric Switch; Charles E. Davis, Chicago, Ill. 
two armatures are locked together, and push buttons in each Application filed Feb. 20,1891. In an electric switch. the combi- 
branch circuit, whereby either magnet may be energized accord- nation of a base, a switchbar having a straight slot therein, | 
ing as it may be desired to make or break the lamp circuit. catches, a oo-cpnrating Dia, an anvor provided ben” pine adapted 
, 7 : o engage wi e switch bar and to move it parallel to itself o 
476,425. Electric Are Lamp; Edward F. Smith, Cincinnati, of engagement with the catch with which it : in contact, a. 
O. Application filed Oct. 5, 1891. In anelectric are lamp, the spring for rotating the bar and retracting it to engagement with 
construction whereby the are is established, consisting of the the succeeding catch. 
combination, with the magnet of the series coil and carbon feed re ’ 
rod of such a lamp, of mechanism capable of raising the carbon- 476,618. Apparatusand System for Compound Teleg- Fi 
feed rod, a lever actuated by this magnet, a rock shaft deriving raphy ana Telepvony; Francis W. Dunbar, Newark, NS. 
its motion from the magnet through the medium of the lever, Application filed Jan. 25, 1892. A combined simple and inductive 
which is rigidly mounted upon the former, and a lateral exten- resistance consisting of an iron core having its length divided 31 
gion moving ie h the rock shaft and capable of engaging with as coe into two wire spaces and a coil formed of a twisted pair of insu- 
and actuating, for the purpose of starting the lamp, the mechan- EEE oss ~~ lated wires would in each of the said wire spaces in the same 
ism which raises the feed-rod. ' eS helical (direction, the four inner terminals of the said pairs of 
476,426. Electric Generator and Motor; Elmer A. Sperry ri pedirnpinadenspecsinae.-h pote Ni 
° ectric u . Sperry, z s z _ , t 
Chicago, Ill, Application filed April 3, 1886. In an electric gene No. 476,426,—ELECTRIC GENERATOR AND Motor. 476,700. Electric Are Lamp} Robert H. Thurston, Ithaca, 
rator or motor, the combimation with the field magnets, of the N. Y. Application filed Feb, 27, 1892. An electric lamp havin 
longitudinally adjustable armature, its rotary shaft and commu- © . = ‘ os broad flat carbons moving in the same vertical line or in approxi- 
tator, and the contact brushes and devices for simultaneously ad- 476,527, System of Electric Lighting 3 Thomas A. Edison, mazely parallel lines, with the carbons arranged in planes inter 
justing the armature in relation to the field magnets and chang- Menlo Park, N. J. Application filed Aug. 7, 1882. ; The combina- secting at a small angle for the purpose of preventing the carbons In 
ing the angular position of the brushes on the commutator wit tion, with a constant potential main circuit having a difference slipping by each other when shaken by the wind or other force. 
reference to the field magnet. (See illustration.) of potential greater than can be effectively used with an arc lamp, Fo A 7 B 
of incandescing electric lamps located in multiple are branch cir- 476,730. Telegraph Instrument; Charles B. Carr, St. Johns 
476,437. Electric Locomotive; Thomas E. Adams, Cleve- cuits from such main circuit, arc lamps in other multiple arc bury, Vt. Application filed Jan. 7, 1892. In a combined telegraph Or 
land, O. Application filed May 29, 1:90. The combination, with a branches from the main circuit, and resistances in the separate arc sounder and relay, an arm extending from the sounder to the re- 3 
spring mounted car body and a wheel base, of pulleys in the upper lamp circuits to reduce the difference of potential effective at the lay and bearing on each end a fork, and each fork provided with = 
portion of the car body, pullers on the whee bese, belting for electrodes of the aic lamps. ene wenel anjuaiing my for limiting the play of the armature 
ransmitting motion to the pulleys in the upper rion of the car es aa ars O ne respective instruments. 
. . , , , 476,528. Incandescent Electric Lamp; Thomas A. Edison, 
eys with the p ’ 
body. qne belting connecting the pulleys with the pulleys on the Menlo Park, N. J. Application filed March 16, 1883. In an incan 476,733. Galvanic Battery; Martin M. Clark, Chicago, Ill. 
anaes descent electric lamp, two or more separate filamentary conduct Application filed Dec. 26, 1888. The combination, with a glass jar. th 
476,463. Electric Chime or Bell; Joseph H. Hunter, Pitts- ors connected in multi le arc and a support consisting of a central of a wooden ring placed thereon, a lead head resting on the 
burgh, Pa. Application filed Feb. 29, 1892. The combination, arm having pins or devices between which the filaments are wooden ring, the carbon elements supported by the lead ‘head and pm 
with an electromagnet, of a chime or gong located near the pole separately held, whereby they are steadied and maintained at the being cast therein, the zinc element placed within the carbon ele- 7” 
of the magnet and movable bodily tomar — oar the same proper distance apart. ae ane conseally sacpenaee ee ee lead head, a wooden 
under the attraction of the magnet. (See illustration : ah parafiined bushing surrounding the zinc element to insulate the 
. . ss 476,529. System of Electrical Distribution; Thomas A. same from the lead, a projection on the Jead head and a hardened Pe 
476,464. Metallic Cireuli Cable; Charles E. Jackson, Bos- Edison, Menlo Park, N. J. Application filed Oct. 10, 1883. The lead nut placed on the projection. of 
ton, Mass. Application filed Nov. 12, 1891. The combination, combination of one or more dynamo-electric machines, two or . 
with an insulated conductor, of two metaltic sores wound spir- more metallic conductors extending therefrom, translating de aR R RRR RRREER ere cu 
ally about the conductor, one of the stri ing wound vices connected in paralle) circuit with such conductors, and Copies of fae specifications and drawings complete of any patent th 
over and upon and to cover space between the turns of the other means for forming a connection from each of said conductors to mentioned in this record—or of any other patent issued since 1886 
of said strips, the successive convolutions of each strip being sep- the earth without breaking its connection with the machine or —can be had for 25 cents. Give dateand number of patent desired o1 
machines. - and address The W, J. Johnston Co., Ltd., Times Building, N. Y. at 


